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PREFACE 



TO THE THIRD EDITION. 



Being again called upon to prepare a new edition of this work, 
I have anxiously endeavored to render it as complete as possible, 
and worthy, in some degree, of that patronage with which it has 
been previously honored. I hope that none of the rich contri- 
butions to experimental physical science, which have been made 
public since, the last edition, have been overlooked. In making 
these necessary alterations and additions, it has bjeen my earnest 
desire, never to lose sight of the humble and limited design of 
this work, and which, indeed, first induced me to offer it to pub- 
lic notice. 

Mydddton Square^ 
Dec. 1847. 



PREFACE 
TO THE FIRST EDITION. 



The best apology that can be ufTered for presenting ihiH volume 
to public notice, will be found in the reHson which suggeatetl ila 
compilation, viz., the absence of any system of physics, sulii- 
cienlly extended to include all those subjects with which men of 
education, especially members of a liberal and important profes- 
eion like that of medicine, ought, and are required, lo be familiar 
with ; and at the same time, not too diffuse to disgust or weary 
(he student. 

To the student of medicine, and chemistry in particular, the 
want of a concise, and yet sufficiently comprehensive work on 
physics has been long felt; as, without an acquaintance with the 
physical sciences, his professional education must be considered 
as far from complete ; and, independently of this, a knowledge 
of the principles of these sciences has long been rendered impe- 
rative at the different medical boards, and has constituted an im- 
portant part of the examination which the candidate for a diplo- 
ma is called upon to undergo. 

The following manual is chiefiy intended as a lexl-book for the 
titndent, whilst attending lectures on physics, or as preparatory to 
his entering upon the study of larger and more elaborate works. 
With this view it has been written; and as the great difficulty 
experienced in executing this task has arisen from the necessily 
of knowing, not what lo insert, but what lo omit, whenever a 



doubt has BTiaen on this poinl, it has been determined by a refer- 
eDce to the amount of knowledge required of ihe student, by the 
different English and Scottish medical boarde. 

A work of this kind I had long ago projected, in consequence 
of not being acquainted with any in the English language, to 
which I could refer the students attending ihe lectures on physics, 
annually delivered al Guy's Hospital; although I had hitherto 
shrunk from the task, hopuig that a production, so much required 
by the medical and general student, would have emanated from 
some more able writer. 

As an apology for the arrangement followed in this volume, it 

must be observed, that utUily and extreme simplicity, rather than 

elegance of style, were sought for, and every other object has 

been sacriliccd to obtain this end. The division into numbered 

igraphs was adopted, as every chapter would thus become a 

I of running commentary on the others, and would, moreover, 

lie reference to distinct subjects in the Analytical Index. 

.egret, as every writer ou so exleusive a series of subjects 

t do, the impossibility of doing justice to every laborer in 

'leld of philosophic inquiry, by referring each discovery to its 

r; as far as this could, without circumlocution, be efTected, 

B been done. For discoveries of longer date, as they have 

mo the common property of science, there needs no apology 

lOt, in every case, mentioning the natne of their authors in a 

dy elementary work. 

have been greatly indebted lo several writers in the French 
Bermau languages, for many suggestions and illustrations, of 
h 1 have never hesitated lo avail myself, whenever they ap- 
■id to divest any subjcctof obscurity, or to add to its interest, 
the "Precis de Physique" of Biot, the " Elemens de Phy- 
lue" of Pouillel, the " Traite de Physique" of Hauy, the " Po- 
ns de Physique" of Quelelet, and the " Grundriss der Experi- 
mciital-Physik" of Kastner, I have been peculiarly indebted for 
several illustrations, some of which have not, I believe, previously 
appeared in an English dress. 

Having thus explained iheobjecl and unpretending character of 
this volume, I trust enough has been said to blunt the edge of 
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criticism, should such, perchance, be levelled against it. The 
critic himself, I would beg to remind of the celebrated observa- 
tion of Horace : — 

" Sunt delicta quibus nos ignovisse velimus, 
Nam neqae chorda sonum reddit quam vult raanus et mens ; 
Nee semper fer iet quodcunque minabitur arcus." 

Those readers who desire further information on the subjects 
treated of in this work, and have not the assistance derived from 
attendance on lectures, may, if only a popular acquaintance with 
them be required, refer to the very elegant, although yet unfinished, 
" Elements of Physic" of Dr. Arnott, or to Sir David Brewster's 
edition of " Enler's Letters to a German Princess." Those who 
require a more profound acquaintance with these important sub- 
jects, should consult, the books referred to in the body of this vo- 
lume, as well as to the treatises published by the Society for the 
Diffusion of Useful Knowledge. The series of Essays written 
by the professors of King's College, London, now in the course 
of publication, will also furnish most valuable comments on this, 
and other elementary works. 

In the execution of this task, I have experienced but one source 
of regret, and one which every person engaged in the duties of a 
laborious profession must feel, when called upon to write on a 
series of subjects, to a certain extent distinct from his immediate 
duties, and requiring, for their elucidation, a much greater amount 
of time, than his more onerous engagements will allow him to 
devote to them ; — a source of regret arises from the feeling, that 
a work of this kind had not appeared from the pen of one better 
fitted to the task, than of him who now offers it to public notice. 

October, 1839. 



PREFACE 



TO THE SECOND EDITION. 



In this edition I have endeavored to make such improvements 
as shall render it worthy of the patronage bestowed upon the first, 
which has been for some time out of print 

The principal additions made to this work consist in the intro- 
duction of three chapters, embracing the subjects of thermotics, 
and the chemical action of light. The chapters on electro-chemi- 
cal decomposition, and part of those on polarized light, have 
been re-written. I have endeavored to elucidate, as much as pos- 
sible, whatever appeared obscure^ so as to facilitate the labors of 
the student. To assist which, about eighty new wood-cuts have 
been added. 

Myddelton Square, 
Nov. 1843. 



ANALYTICAL TABLE OF CONTENTS. 



Introductory discoune ..... 

Division of the subject into different branches 
Newton's rules for philosophizing - - - - ' 

Question of finite divisibility .... 

Conversion of the solid, liquid, and gaseous states into each other 
Effects of the vibration of ponderable matter 
Density and elasticity of imponderable matter 
Effects of the undulations of imponderable matter • 



PASS 

37 
38 
39 
40 
42 
42 
43 
45 



{The foUounng figurei refer to the mmibered paragraph^ and not to the pages.) 

CHAPTER L 
Cfenerai properties of Jtoms and Masses, 



Divisibility of matter 


m ■ 




PAB. 
1 


Essential properties of atoms 




2—4 


Form and size of atoms 


m m 




5—7 


Solid, liquid, and gaseous 


matter 




8 


Condensation of gases 






9 


Density, specific gravity 






10 


Divisibility of masses 






11 


Flexibility - 




• 


. _ 12 


Strength of cylinders 






13 


Tenacity 






14 


Resistance to pressure 


m 




15 


Brittleness - 






16 


Elasticity 






- ' 17 


Inertia 




■ • «■ • 


• 18, 19 



CHAPTER n. 

Attractive Forces exerted betuxen Masses. 

Forms of attraction - - - - - 

General law of attraction - - - - 



20 
21 



XU ANALYTICAL 

Cobeakm •--...-. aa 
Adheekm ■ ■ ■ - - - -23, 84 

Capillariljr, in single plalcs --■-•■ 25 

■ ID lubei ------ 26 

in double plalea ----- 27 

Lbws of capilLnriiy -.-..-, 38,29 

Olpilliirily opposed no evaporation . - . - . 30 

Capillary lepolsioQ --.-... 31 

Adbeaion between •olid* •nd gsKS - ■ - - 32 

Allnution and repulsion of floating boiliei - - - - 33 

Eodonnosis - - - - . . - - 34, 35 

3f ulnal diSimoa o( ga<ei ...... 35 



[ ^AniJitioiu 

^^^^"ent ft 



lawa of - - - - . - . 39 

lateral, den»ily of ibe eatlli - - - ■ 4LI 

equal inieiisiiy of uravitatii-ii - . . - 11, 43 

inducing floating of bculics - - - - 43 . 

prtKlueiuE the figure of tlie eaith ... 44 

1 45 

of gravity ---..-. 40 

determination of ■ . . . - 47 

consequences of - - - - . 48 — 50 

■wers of Pisa and Bologna - - - • 51 

of equilibrium ------ sa 

CHAPTER IIL , 

On afolibii. 

ent forma of motion - . . - . - 54, 55 

■ ■aw lai - . . - . - se 

■niririigal force - - - - - OT, 59 



ilineai motion --..-.. 53 

kJsitioQ of motion - . - . . - 64, 6S 

nlioti of motion ...... (;«, 68 

t» of two or more forcea - . - . - 03, 70 



— of ropes - 

— progrosBve 

— MallonH ry 

— iBocbronous 
-plmsesof 

— velocity of 






TABLE OF CONTSNTS. 



xm 



CHAPTER IV. 
RnuUs of Gravitatum, 



PAK. 



ialling bodies . - - . 


87 


...... 


88 


% bodies - - - - . 


89 


• for 


. 90,91 


)n - . . - . 


92 


M • « « « • 


93 


inclined planes - - -. ■ 


94 


ing media . - - - . 


95 


on - 


96 


)s on horizontal axes 


. 97, 99 


— — vertical axes 


100 


red paths - - - - . • 


101-2 


««■•«•■ 


103 


icillations of • - - • 


104-6 


doids . - . - . 


106 


...... 


107 


of gravity l^ - - - . 


. 108-11 


d percussions - - - 


112 


. - - . 


114 


CHAPTER V. 




XSCHAKIC8. 




Of the Mechanical Powers, 


X 


)wer . . . . , 


115 


1 . . . ... • 


116 


ance - - . • 


117 


ince . . . . . 


118 


)rrect balances - - - . 


119 


er and resistance - 


1201 


r - 


122-4 


of lever - . - • . 


125 


• «» «b V • ■ 


126 


• * • « • 


127 


V « • ■» V i 


128 


• . » • • < 


. 129-30 


. of pulleys . . - - 


131 


• , • 


132 


M • ■» <b « • 


133 


*•»•*■ 


134 


• ••••• 


136-6 


• «••«»■ 


. 138-9 


• • • « • « 


140 


«««**■ 


141 


CHAPTER VI. 




HYDROSTATICS. 




al Properties of Non elastic Fluids. 




lid matter - - - - 


142 



dr AHAt.VTICAI. 


!■»■. 


ElBBticitr or flmdi 143 


CompreMMiiy or fluids - 






Hi I 


Law of eqQBliljr of pressure 






145 1 


Law of fluid rquilibrium - 






147 


1 


ElBTHlion of the sea bI different plB«. 






143 


Fluid ptesniteB xary with the deplli 






140 


FormuliE for fluid piessure 






150 




Consequences of the law of fluid ptesBuro 






ISl 




Upward pressure of fluids 






isa 




Lnteral pressure of fluiJs ■ 






154 




Pressure on the base of a vessel - 






IH 




Cenlre of fluid pressure 






J 67 










158 




















IGO 
161 




PrinciplB of Archimedes eiplametl 








Specific gravity, Ibund by the principle of Arcbime 


les 




162 




of solids denser than wnli-r 






163 










165 




soluble in WBIer 














166 
161 












K.,.=cific gravity of water at different lemperatuies 




168 








160 






>lies 






Table of specific grsvitjee of solids, liquids, nud gases 




171 








172-4 








173 
17fi 




■ inlerferencB of 










CHAPTER \1I. 




FKEUHO-STITICI. 




G™rai fropmi™ of EtaUk FlMid,. 








lion of the finite extent of Ihe atinospbeie 






173 




ht and elastictLy of i)ie air 






lUl 




ure of Ibe atmospbete iiluslratod 










I baromelei .... 






163-4 










I8S 




atioos affected by heal anil capilisrily 






les 




.1 diumaJ height of the Ijaromcicr 






187 




jjcierminatioc of beighis by the bnromeicr 






IHS 














Preasure of the olmosphere upon a given surfaca 






190 




Exliausting eyringa 






101 




Air-pump . - - . . 














103 
194 













TABLE OF COMTINTS. 



xr 



CHAPTER Vin. 



ETDSO-BTFAmCS. 



Phenomena of Fhddz in Motion, 

Conditions necessary for the flowing of fluids from vessels 

Theorem of Torricelli . - . . 

General property of fluid currents 

Lateral reaction of currents ... 

Ratio between velocity of fluids and diameter of channels 

Theoretical action of fountains and jets d'eau 

Friction existing between fluids and solids 

Bemouilli s and Barry's experiments in illustration 

Aerial fluids escaping from containing vessels 

Apparent attraction of bodies by aerial currents 

Winds - . - 

Waves or undulations of air 

—————— reflexion and interference of 

Diflferent forms of pumps - - - — 

Stomach-pump, and Read's long-pump 
Action of the syphon ... 

Wirtemberg syphon, Tantalus's cup 
Hiero's fountain .... 

Bramah's hydraulic press - 



PAB. 

195 
196 
197 
198 
192 
200 
201 
202 
203 
204 
205- 
206-7 
208 
210 
212 
213 
214 
215 
216 



CHAPTER IX 



ACOUBTICB. 



SonorouB Vibrationt ofPonderabU Bodies or Sound, 

Difference between tones and noises 

Diffusion of sonorous vibrations 

Checked unless a conducting medium be present 

Sounds varjring in intensity with the density of the air 

Law of intensity of sound 

Circumstances modifying this law 

Communication of sonorous vibrations 

Waves of sound capable of passing each other 

Velocity of sound 

Calculation of distances by sound 

Conducting power of bodies for sound 

Existence of acoustic shadows 

Interference of sonorous undulations , - 

Passage of sonorous waves through mixed media 

Reflection of sound 

Cause of echo 

Reflection of sound by curved substances • 

Transverse vibrations 

Planes in which cords vibrate 

Musical notes 

Lengths of sonorous waves 

Comparative view of vibrations producing notes 

Musical discords and concords 

Nodal lines and points 

Vibrations of flxed rods 



218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230-1 
232-3 
234 
235 
236 
237 
238 
239 
240 
241-2 
243-4 
245 
246 



, Xfi ASALYTICW. 


PAL 

Vibration, of eolamns Of air 247 


Acousbe figarea on vibrating plates . . . . 2<8 


Ktiehlke'i acoustio figures 2« 




CHAPTER X 


HXGNETISM. 


GihitbI Pn/ftrt in 0/ Magntls. 


Natural and artificial mngnp'' - ■ " - ■ " 259 


Magnetic linBB of force 






353 








as* 


polea 






993 


[nduotion of maEnetiBm 






S5M 


EffbolB of fracluie of magneta 






257 








B58-9 








SOO 


Compaag needle 






261 


Terrestrial magnetic polea 






263 


Declinalion of the magnet 






26* 


Magnetic meridian; agonic lines • 






265 


Inclination of the magnet 






266 


Magnetic equalor; aclinic tinea 






267 








269 








270 


Magnelio >lonna 






271 










on of the earth on a needle - 






273 


scculive poles 






274 


jnetic propcrliea of several metnla 






275 








270 








277.B0 


Horae-shoa magnola 






SKI 


Coeroing force 






283 








2B3 


Action of lieat on magnelg 






384 


Magnets of oiide of iron 






283 








286 








2B7.yO 


Dia-magnetio bodies 








Actionof magnets on iron salts - 






2MS 


List of dia-magnetic and magnetic bodica - 






2M 


Influence of magnetisDi on mailer .... 295^1 


CHAPTER XI. 


Prunary Phenomena. 


Excitationofeleclticity by friction ■ ■ • ■ 307 


EleOUical altractiDD and repulaion .... ogg 








I- 






1 



TABLB OF CONTXirrS. 



XVU 



3soope8 - - - . . 

nb's tension electrometer ... 
of excited electrics - • • 

^ment of electricity by pressure and contact 
tion of electricity in tourmaline and zeolite by heat 
LC light and spark .... 
idal distribution of free electricity 
iposition of the combined electrioities by induction 
tirics, and inductive capacity • - • 

ion, an action between contiguous particles • 
jit occurrence of induction in electric phenomena 
don an effect of induction ... 
>phorus - - - - - 

snce between quantity and tension 
ice of points and terminal surfaces on induction 
ry laws of electro-statics ... 



PAR. 

304 
307 
308 
310 
311 
313 
313 
316 
318 
319 
320 
321 
322 
324 
325 
326 



CHAPTER Xn. 

XLECTSICITT. 

Vofuequencea of Induction. 

ion of the electric machine • 
ption of the cylindric machine 
electric machine ... 

of exciting electricity by the machine 
)pment of ozone ... 

of electricity in the prime conductor 
' amalgam, and sulphuret of tin, in aiding the excitation 
'e and negative sparks, the effect of discharge 
icity of «team ... 

•electric machine - - . 

of - 

and star of electric light - • 

iments illustrating electric discharge - 
ion and discharge in rarefied air 
' Lane's discharging electrometer 
.c state of bodies connected with the machine 
ic effects of electric discharge 
iments illustrating electric attraction and repulsion 
>pment of currents of air, by induction from points 
nical effects of electric discharge 
ous discharge in different media 
3tive, disrupture, convectiye discharges 

CHAPTER Xni. 

ELECTKICITT. 

Consequences of Induction, 

lation of disguised electricity . • - • 

) and discharge of coated dielectrics - 

ation of the charge into the substance of the dielectric 

iiction of the Leyden or electric jar - 

) of the jar ------ 

2* 



327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 



350 
361 
353 
355 
356 



jhiB ANAxmcAL 

KachBTgeof the jar; olecirio shock 

IinpoMibiliC]r of'cbsrgins on iniulHted jar - 

Bate of intensiiy of ohnrBO lo Ihe aurlace expoecJi ballery 

Chkrge of the electric battery . . ■ . 

Beadual cbBTgo --.-.. 

Vekmilx of electric BuiJ, in iliachiuBe 

Chmige of H jnr indepeadeiil of Ihe cnalings 

Deicri|itioii of the aniveisol diKliargec 

Eiperimenli illimiBting electric diacbarge from a jmr 

iho efiectD of dischnige from n laller)" 

Heating power of tlischacge .... 

DeTclopmem of phosphorescence by diachn^e 

Leydeii vocuum ...... 

Figures of Leichlenberg . . . . - 

Tension of charge - - " - 

Unit jar ....... 

Condenseis of electticiiy eiplaineil 

Condensing ctociromcter ..... 

lateral explosion, or Tctuming shock 

Aecounl of uni-poiar bodies .... 

Coaoection between inautnlors and conductors 

CHAPTER XIV. 



Phenomma of JtmoipluTic Ebrlr 
"noo of free eleotricily in the atnioaphero 
ratns for detecting alxiUMpheric electricity 
tion of atmospheric electricity 
HiB influencing the electricity of the Blmosphei 
crimenta of Cavallo and Crosse 

eolion of eteclricily by hitea and arrows 

Smiroes of the eloctricily of the HUnoBphera 

ConMitntion of clouds 

Lightning and tbunJei 

Paratonnerres illuilrate<t 

Fulgurites 

Electric meteors 

CHAPTER XV. 



Exoitalion of eleotricily by contact 

traced to dii 

TaWe of elementary bodies 
Excitation of electricity by a single | 
Pecom position of hydrochloric acid 
Caloriac elfects of the currcnls 



TABLE 07 COKTZNTS. 

Smee's arrangement .... 

Effects of ub^rpticn of hydrogen - • . 

Professor Daniell's arnuigemeDti • ' - 
Eiecttotype . . . . - 

Groves's arrangeroeat . . . ■ 

BoiueD's ditto . , . . . 

Cuirenta with one plata . . - - 

Opposition to pasBtige of oorrent 
Profeasor Volta's pUe ..... 

CombiDUiont of plates .... 

Ttougbs ...... 

Pcofeaioi: Daniell's battery - . . . 

Grove's baltety . . . - 

' Olim's forrnula - - f ■ 

Conducting powers of difleient metBli 

Ignition of charcoal points - - - - 

Jscobi's rasearobes .... 

EvoLuiion <jf light in vacuo 

Ignirion of meiollio wires .... 

Reiluciion of tempeniturB by cnnents 

Positive and a egaiive conductors ... 

Professor Gtoyo'a gas baCtery ... 

CHAPTER XVL 



EUetnuhaairatDtcompoiiiiort. 
Decomposition of water .... 

Electrodes ...... 

Defioito nature of electrolysis ... 

Decomposition of eluolrolyiea 

Evolution of alementa .... 

I'oltQ.eleclromcters ... - 

Polarization of elerltoiies .... 

Conducting nature of eleclrolytes - 

Beoquerel'a researches .... 

Electrolysis by a single pair 

Beduciion of lead - - . . . 

Decomposing cell - - . - . 

Reduction of iron, copper, ic. - - ■ 



ElectrolSfsis by ftictional electricity . - - 

Becquerel's battery . . . - . 

Apparent suspension of chemical affinity • 
Simultaneous electrolysis of salts and water 
Electrolysis of fused compounds ^ ■ - 

Comparison between voltaic and machine electricily 



CHAPTER Xni. 

Skctro-Dynamia. 
Oentsd's discnveiy 

Devialioii of magnet ban hf elecaic currents 
Formula of Ampere 
Law of iDtciuily of act 
Deacriplion of ibe invi 
Multiplier or galvB 
Auatic multiplier 
Aolioa of magnetic ban on conducting wires 
Magnetic properties asannieci by conducting wi 
Uutual leaction of electric currents 
Rotation of magnets round conducluig wires 
Rotation of conducting wiiea round magnets 
Vibrating wire, between the poles or curveil m 
Rotating disks and cogged wheels - 
Action of magnets on suapended rectangles 
Anion of the earth upon rectangles 
1 Rive's floating heliacal couduclor 



■nofa 



ilofw 



•aiottro-dynamio cylinder 
Induction of magnetism by electric cu 
RolatinB electro-magnetic bats 
EtolatioD of currents round each other 
tnpere's theory of magnetism 

CHAPTER XVIII. 

EUcIro dynamic Jndvelioi 
ral conditions of iniluction 
lion of seconilttry curtenls by electticily 

■ of ourrcnls by permanent magnpia 

temporary magnets 

of secondary currents in tlie primary conducti 

ific effects of secondary currents 
1 : from secondary or induee<i currents - 

Different forms of electromagnetic macliines 
Electro-magnetic machines without iron 
with allcmaling currents 



Mode of exhibiting the electromagnetic sparit 
Machine with a temporary electro'magnet - 
Ampere's theory of magnetism 



TABLE OF CONTENTS. 



XXI 



CHAPTER XIX. 



EUBCTRICITT. 



ThermO'IUiectricUy. 

ation of thermo-electric currents by two metals 

mo- electric multiplier - - - 

ation of currents, by heating one metal 

Ltions for their excitation 

ions produced by thermo-electric currents 

no- electric battery - - - 

rolysis and sparks, of secondary thermal currents 

nts evolved by metals plunged into fused salts 



PAB* 

513 
514 
515 
516 
517 
519 
520 
521- 



CHAPTER XX. 

XLXCT&ICITT. 

Physiological EkdricUy or Gahcmtm. 
ric fishes - - . 

— organs of the torpedo 

gymnotus 

[ay's researches on the gyncmotus 

e of the current in the gymnotus 

ric organs of the silurus 

ric properties of insects 

Jii's discoveries 

i's experiments 

J experiments - - - 

-electric theories 

I frog-battery - - - 

acci's researches 

frog-galvanoscope 

pigeon-battery - 

xjtion of electricity and vitality 

r current of batrachians 

ricity of the hiunan body 

I of free animal electricity 

rave's and Baconio's piles 

3ction of nervous agency and electricity 

ricity of vegetables ... 



522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 

540-543 
544 

545-548 
549 



CHAPTER XXI. 



UirPOLABIZED XieKT. 



General Propertiet of Light , and Phenomena of Reflection. 

ties of light - - - - - - - • 550 

jatory hypothesis - - ^ • - - - 551 
js of ether - - - - v • - - 552-554 

nents for and against the undulatory theory - - - 555 

ity of light -----.. 55(3 

nous, opaque, and transparent bodies - • • 557 

ler in which non-luminous bodies become visible •> • 558 

metry - - - - . - . . 559 

) of colors: comparison between colors dud sounds - • 560 



ANALVTtCAI. 



Lighi OTolved ftom every pari of n visible b 

Rnys of light . . . . 

T^ttteiit modifloationa of liglil 

■ ipBrative moBButo of inleoiity of light - 

eral Ibw of rofloclion . . . 

o of incidont to rsfleatait hghl • 

a of specula or mirrors - ■ 

^s lormed by plane mirrors 
of images pioiluced by tw( 
ition of parallel ray» from c. 

of diverging myi 

of conver^Qg rays 

from convex mitrors 

laon of eauatic curvea by rt 



e minoti; focui 



CHAPTER XXIL 



Dioplru Fhaiomctia. 



tioa from dense through rare media 

of refrBdtOD; table of refroctivG indice. 

tinn through two meiiia 

3f ligbl infloBQCBd by refraction 

1 through two modia bounded by cur 

.refractioii; intemnl rofraction 

1 refhiction, mirage 
[ iOD through medin bounded by parallel Burfaces 



-pnan 



, and 



jf caustic curves by refraction 
~ images by lenses 
f fing power of oonvei lens; visual 
iUHlion of maguifying power of le 
^1 aberrstion in len»es 



CHAPTER XXIII. 



Chromati 
Pfinnatic resoladon of light into cole 
Cotoied band in the solar spectrum 
Softaiitive indices of the colored 
Becomposiiion of coloiless light 



.ys 



TAB£B OF COMTBNTS. 



ths and velocity of waves of colored light 
)bn Herschel's lavender or yellow band 
cially colored light - - - - - 

lifLcation of the spectrum by absorption 
ilementary colors - . . • - 

rption of light - . ; . - 

rsion of light . - - - - 

lation of dispersive powers of bodies 
jnality of the spectnim - • 

)lic dispersion - - - - - 

snce of dark bands in the spectrum ... 
) of these lines, and variation in difierent spectra 
ctive indices of Fraunhofer's bands . - . 

nous- proper ties of the speotmn • - 
!fic properties of the spectnim * . • - 

ical properties of the spectrum 

IS representing the (^emical and heating powers of spectrum 
imatism ••.--« 

arence of luminous undulations ... 

arison between lunnnous and sonorous interference - 
eVs experinrent on interference ... 

ctioir or inflection of light • 

3S produced by diflracted light ... 

nation of these fringes by interference 
irance of a luminous spot in a dark shadow, by inflection 
shadow produced by a perforated disc 
imena produced by difliacted light passing narrow Assures 
nstration of the cause of frioges in diffracted light 
} of illustrating the phenomena of diflraction - 
of thin plates of transparent bodies . - - 

lementary nature of. refracted and reflected tints 
jn's chromatic table « • - - 

ition of the colored rings by homogeneous light 
itioa of the transmitted rings - . • • - 

of thick plates . . . . - 

of small particles - - - . - 

y of the rainbow - . - 



FAB. 

609 

610 

611 

612 

614 

615 

616 

618 

619 

620 

621 

622 

623 

624 

625 

626 

627 

628 

630 

631 

632 

633 

634 

635 

636 

637 

638 

639 

640 

641 

642 

643 

644 

645 

646 

647 

648 



CHAPTER XXIV. 



FOLABIZED LieHT. 



Phenomena of Double Jtejruction and Plain Polarization, 

>n of rays into ordinary and extraordinary, by double refraction 650 

pal section of crystals defined . - * - - 651 

f refractive power of various bodies . - • - 652 

'e and negative, real and resultant, axiet of double refiractiaQ • 653 

i" positive and negative crystals - - - . 654 

if rapidity of the ordinary and extraordinary rays ■ - 655 

ion of refractive power in diflerent- parts of the crystal - 656 

Is with two axes -.---. 657 

of doubly refracted crystals on colored lig^t - - 658 

f refractive power acquired by change of structure - - 660 

sed light - - - . - . . 661 



ANALYTICAL 



Plansa of polarization defined 

Dillerent modes of polarising light - 

Polarization of lighl by double refraction anil NicUora prian 

Position of planes after refraction - . - 

Polarization of light bj' difpetsion tbrongb agate 

absorption in tournialino 

Folaiixing power of agate and Hxitmaline illiialrsleil 
Polariaation by reflection ; polariscope 

Reflection and Iransmission of polarized light by glass-plat 
"■^renl positions - . . . - 

tness of tbe light at dUTeiunt azimnths 
■ ilJuatraiing ..... 
nion of polarized light by glass, agnto, and Kmrmalini 
jDitkin of light by refraction through glass-plates 
al or apparent polarization ... 
inatiooof . - , . . 

ling angle 



k 



between polarizing angle and refractive initex 
izatioD by internal lefleelion ... 
of homogeneous hgfat . - - 

of light by reflection from a series of plati 
DCS of poUrized light ia ordinary daylight 

CHAPTER XXV. 



Coiortd Potarizalion, 



' developed by double refraction 
exhibited by a cone of r 
iona for their produclioc 



.VB and negative syalenis 
fi by homogeneous l^bt 
- in bi-aiinl crystals 

' in Rochelle salt 

lie system of rings in mica 

rent modes of analyzing 

- ■ ■ , cylinders of bId 



— of fringes 

eaofnopolarizalioa 

Lecotmt's polariscope 
System of fringes in jelly, So 

Folarizing microsoope 



by polarized light 



CHAPTER XXVL 



of fluids 



Cireuiarls and EUiplical^ Polariztd light. 
TheoretiisI conililiona 
Mode Df obmiiiiog o.iroiilar light 
Rings -visible \n quartz 
Colon in left-han-ded quartz 
Curve illuBtrating cliculai polarization 
Cinmlar polaTizaUon of homogeneous Jigh 
Nature of the colored ligbt iransmilled hj 
Circular polarizing power hj magnetism 

eleotridljr 
foloriucope l(ir exhibiliog circular potaiizing power ol 
Table of circultrpowetol' fluids - 
Circular power of syrtip 
M. Biot'a formula far force of molecular n 
Teat for circular power 
Eltiptjcally polarized liehl - 
MoJb of obtaining - 
EingB Been in cale-spar by - 
Elliptic polarizing anglo 

Dichr<nain devetopedbf polarized light 

CHAPTER XXVH. 
Optical Jj^aratia, and tht Byt amtUkrtd as an Optical InttmmeiU. 
Concsve mirrora .-----. 
Newton's reflecting telescope ..... 

Or^ory's telescopes ...... 

Caasegrain's 

Simple microscopes 

Camera obseiira ....... 

Megascope ....... 

PrisinaliccameraobHCura ...... 

Solar micro scope ....-.- 

Camera lucida ....... 

WolLaston and CoddingtCHi lenses ..... 

Compound microsoopea ...... 

"Wollaston's doublet ,..,.. 

Achromatic microscopes and their arrangements ... 
Eefleciing microscope ...... 

AKrOQOmio leftactiiig telescope ..... 

Galileo's refrBcting lelesoope ..... 

The eye considered as an Oflioal instrument . . . ' 

Befraction of light by the slructure of the eye . ... 

Abeance of spherical ahorrolion ; eye not perfectly achromatic - ' 

Blmcture of the eye in the lower animals -.-•.' 
Seat of vision in the eye - 
Cause of riogle vision with two eyes . . . , ' 



ANALFTICAL 



Ctnsn of erect viitoD with an invened urmse on the i 
la of tbo eye lo olow and dialiuit viaioD 
mpreseioiu on the relitia 
itisl, DT Bcculeoal colon 

jiy of ipeclral ailoia - . . . 

iObX cnlon produced by while liglil 
.nsibiiiiy of BOma ayes lo particular colors 

CHAPTER XXVIII. 



Comlnntd Heal. 



- Lealia'a 

- mercurial 



of tl 



- form 



e for. 



tof 
si's ihermometeT 
leteri, Wedgewood's - 
. Dsniell's 
'ig expansion of fluids 
,Etion of heat 
if heating and cooling 
'.of solid conductois - 
iinduoting power of fluids 
I ■ 
Qol 



n of Ileal 



^ty for lii 



table of, for different In 

jnotion of heat by solution 
Intion of, by crystalization 
■rplion oi; by vaporization 

Jnnon of fluids in rapori^alion 

gelation of bodies 

Jlition of bodies 
PLJi-uorical elate of fluids by heat 
IVeczing of water in red-hot vessel! 



TABU or OONTXim. 

r atmospheric pleasure to ebnllitiini - 

iheiic vnpor - - - - - 
table of elaWio Ibrce of- 



'a hygrometai' , - . . 

lb hygrometer . . •. . 

91 influence of beat - - - - 

CHaPTEB XXIX. 

THIBMOTICS. 

SadiaMHiat. 
Heat ..... 

depondenl upon undulationB • 

reflected lo H. focus 

proponioD reflected by difierent bodies 

radisting powfc .... 

expeiimetiU on radiatioQ ... 
Jon of cooling with radjatioa 

ion of heal 

ion of color with absorpliOB 

ial heat ..... 

figures ..... 
graphjr ..... 

f diathennanous bodies . . • 

es of rock-salt .... 

on through lenses .... 
— through prisms . . - • 

ibility of heat .... 

on of heat and ligbl ... 

lion of heat by lourmalinea 



n by refmclion and reflection 



- ty internal reflection ■ 

CHAPTER XXX. 



CAmncaf Action of ligM. 
if light on silver salts 
on cbloride silver ... 



ANALYTICAL TABLK OF CONTENTS. 



Aotioti of light in developing colors 
Oppoiite ofibctt of ipecwum 
PbOlographic caipjnng of aogravinga 

• camera 

Difiueireotype 

Prapannion of seositiTe popera 

chloro-srgenloljrpe 

iodo-aigenlotype 

>n argentotypoi 




INTRODUCTORY DISCOURSE. 



Thb natural phenomena which are incessantly developing themselves on 
oar earth, and in the vast space around us, offer to our view so magnificent a 
spectacle, diat the curiosity of the most Kstless observer becomes powerfully 
aroused, and in spite of himself he is ccnnpelled, in a greater or less degree, 
to meditate upon the causes capable of producing such marvellous effects. 
Scarcely is man emancipated from the trammels which confine the reasoning 
powers during lisping infancy, ere his childish attention becomes attracted fay 
the objects so lavi^Iy scattered around him by the bounteous band of nature ; 
he observes with all the energy of his young mind the brilliant consteUations 
bespangling the firmament, and the dim outline of the distant landscape, whilst 
the less striking, but to him equally important, the abstract properties of matF- 
ter, force themselves on his maturer understanding : the wei^t of all surround- 
ing bodies— 'the rippling of the village brook, or roaring of the torrent — the 
summer's breeze, or wintry hurricane — alike attract his notice ; and, from the 
brilliant vault of heaven to the surface of his own terraqueous habitation, he 
culls food for meditation, and finds everywhere infinite sources of wonder 
and delight But, in the midst of the vast range of natural effects, it is not 
given to his intellectual faculties to acquire at once a knowledge of the causes 
producing them, nor to grasp by one bold effort of the mind, a oomprehensioa 
of the laws which these phenomena obey. By slow degrees has this know- 
ledge been acquired ; and even now, ix>twithstanding the number of zealous 
and devoted laborers in the field of natural science— -notwidistanding the ac- 
cumulated experience of ages, is this knowledge, on many and very import- 
i^nt points, deficient. This, however, so far from daunting the student at the 
outset of his career, should hold out a great attraction for him ; urging his exer- 
tions in the cause of science, by the prospect it extends of reward in the 
achievement of some grand discovery ; which may, perchance, place kU in 
that bright galaxy of names which has adorned science, and be transmitted to 
an admiring posterity by the side of a Bacon, a Franklin, a Herschel, or a 
Davy. 

Few things are more interesting than to trace the history of the develop- 
ment of the efibrts of the human mind, from the earliest dawn of infant science 
in the records of past times, through the depressing gkx>m of the lurid and 
superstitious era of the dark ages, when science was deix>unced as a crime, 
and a Bacon, and a Galileo, for being its successful cultivators, subjected to the 
thraldom of the Inquisition, up to our own brighter and happier days, in which 
philosophy and the allied branches of knowledge are recognized as objects of 
the first importance, the man of science respected, and his acquirements ap- 
preciated. What singular and diversified opinions do we not meet with upon 
record concerning the properties of bodies and their component elements; upon 
4 



W INTRODtlCTORV DlECOl'BaE. ■ 

tbe pTinciplei and fonet which act on inert mailer, nnd niBinlBiti the hat- 
loonjr of the uniTeTae. What nraxes or Iiypntbesis and tnon ahall we not 
findl — what B deep misi of camfiiiion ! — in ihe midst of which are wattend 
a Aw tiulb»,lhe ofTiptingi of earlier aJenlB.Uke Btarr, rcndprinf; more intenn 
by conlrait the datknesi of the veil of ignonince nnd error, obacoring what 
little was kaown of naliire's laws. Well hiu il been said, by b DUenlDd 
Wiiut of the present dajr, thai il is " a condiiion of our race, that we muM 
erei wade through enot in onr advance towards Imth; atid it mnj even ba 
■aid, ihal in manjt catet wa exhaust erery Tarieiy of mot before we aitaia 
the desired goal But li-uthi reached by nii^b a course are always most highly 
to be valued ; and when, in addition lo this, they may have been exposed K> 
eveiy variety of attack, which splendid laleuls, quickened into enei^ by Ihe 
keen perception of personal inleresis, mn <>uggp>l; when they bave re<,-ired 
undying from tlie gloom of utimeriieil neglect ^ when the annihema of spi- 
ritual, and Iho aim of secular power bave been found as impotent in suppress- 
ing;, Bi their arguments were in refuting ihem — then Ihey are indeed irre- 
sistible. Thus tried, and ihua triumpham, in the fioroesi warfiire of inlelleP- 
lual Btrila, even ihe temporary imerrala and furious paaeioni which urged on 
the contest have contributed in no small measure to ealalilish their value, and 
thus lo render these truths ths permanent heritage of onr raee. Viewed in 
this light, the propagation of errtn', although il may be unftvombte or fand la 
the tem[>oiBiy inleicgis of an individual, can never be long injurious to dw 
cause of iratb. It may, nl a particular time, retard ila progress for a whilst 
but it repays the tratuicory injury by a benefli as permanent as lbs dunuim 
of the fruth lo which il is opposed!"* 

Under the general term of Nntuial Pbiloaophy is comprehended » vmt a 
ntige of inquiry, Ihot eomo division of tabor becomes necessary nol only Ibr 
the teacher, but the atudonL Some of Ihe sciences included under tbia tilie 
ate so absolutely necessary to the ordinary duties of civilized lifp, thai Ihey Sxm 
an impoitnnt part of early education. The pmpeniea of numbers, incliidinf 
ordinary, logarithm ic,aiul algebraic arilhrneliCiB general outline of the artsnge- 
ments of Ihe luiiverse, comprehending astionomy and geography, with meibe- 
UBtiDB and geometry, fall under this heail, and now constiniie a part of ths 
BCMiuiremenis of every well-ednoated member of socieiy. Divesleil of these 
icienoeB, Natural Philosophy may be divided, Isl, into the knowledge of tba 
Birangements of the itrala composing our globe, and of the remains of ibs 
extinct and wonderful inbebJlBnis of the primeval world, forming Iho scienoes 
of geology and physical geography; 2dly, into the study of ihe effects resull- 
ing from the action of atoms ol' dijfetent forms of innlter upon e»ch other, 
constituiing Iha splendid and comprehensive Bcienco of chemistry ; and 3dly, 
inlo an investigation of Ihe constitution of masses of matter, the laws govern- 
ing ihem, and the mutnal action of ditferent nioms of tli e ufnc kind j wilhan 
in of the relation they bear lo space, and loihe various members of 

, comprehending the study of phyelcs.t 

r vast and beautiful tangi) of inquiry is ihat wliich wo are now 
a the invest^ation oi; whose laws we are lo study, and whose 
eoects we must endeavor to appreciate. It is scarcely necessary lo stnie, thnt 
a general acquaintance with Iha prinoijileB of Ibis porikin of natural know- 
ledge, is indispeosable lo every one whose duties or inclination induce him 
to inveatigale any of the phenomena connected with the oiganic or inorganio 
world, or thai a correct acquaintance wilh even the radimenn of chemistry 
cannot bo ubieiaed without them; the effects of chemical ailii illy and electric 



actioa being to oonnooted, that, in th« opinioii of one of die tnost eminent 
philoaophen and suooessful cultivators of loienee of the present day, thej 
depend upon one and the same cause for their production and efiects. 

Complex and obscure as the laws of the material universe may appear to 
the superficial observer, surrounded by difficulties and lost in the maze of 
phenomena around him, he might be tempted, like the philosophers of old^to 
lefoi every efieet to its own peculiar cause ; a cause innate to the sabstanoe^ 
essential to it, and animating like a souL Far otherwise are the oonclnsiont 
arrived at by him who, patiently investigating the appearances of the material 
world, is guided fay the inductive reasoning of the Baconian school : ht traces 
effects to their proximate causes, and generalizing these, is led to the discovery 
of a few simple laws, obeying which, atom unites to atom, and mass to mass, 
to form a world, rolling in its appointed sphere around the centre of our sys* 
tem, the great source oi light and heat;—- Ae soon discovers that, in the beauti- 
ful simpliciQr of Nature^s laws, the apparently most insignificant, and the most 
gigantic effects are frequently prodiu)ed by cme and the same cause; ht dis- 
covers that the very law which presides over the motions of the luminous 
orbs whicji roll in space around him, causes the scattering of fiour from the ' 
edge of the mill'«tones, and of drops of water fh»n the wet revolving car- 
)riage-wheeL l^iat the law regulating the falling of an apple towards the 
earth, is idontioal with that which retains the mountains on their broad bases 
and the planets in their spheres. Nay, more, he learns that with sneh oon- 
aummate wisdom have oanse and effect been related, that the very same power 
is often sufficient to produce effects apparently totally imposed. Thus, the 
force by which the ocean is retained in its bed is the same as that by which 
the ships float upon its surface; the law which regulates the vekxn^ (^a fidl* 
ing avalanche^ is identical with that by which the balloon ascends in the airl- 
and the power by which the torrents in the &lls of Niagara acquire their 
terrific vekxsity, is the same which has retained unmoved for ages, the BOidd 
rocks fifom which they descend. 

Experience and observation constitute the true guides for the investigations 
of the philosopher ; and, aided by the soundest inductive reasoning, they, in the 
hands of the immortal author of the Principia, devek>ped those great truths 
which astonished the world, and whose light ultimately dispelled the test 
traces of obscurity with which the Aristotelian and Gartesian systems con- 
tinued to encumber philosophy. The celebrated JReguU PkUoKpkandi left us 
by Newton cannot be too deeply impressed upon the mind of the stadent^ 
and should be confided in as the best guides in reasoning from experiment 

mULB X. 

We are to admit no more causes of naturail things than such as are both 
true and sufficient to explain their appearances. 

muLB II. 
Therefore, to the same natural effecU we must, as fhr as possible, assign 
the same causes. 

miTLB III. 

The qualities of bodies, which admit neither intension nor remission of 
degrees, and which are found to bek)ng to all bodies within the reach of our 
experiments, are to be esteemed the universal qualities of all bodies whatso- 
ever. 

muLB IV. 
In experimental philosophy, we are to look upon propositions collected by 
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geneiml iaduetkm from pLenomnui u nrcurauilj, or rerj n(«ri]r tnwt >«•■ 
wlthManding snjr conltsry hypcxhesU ihni may be iiiiBgini^iI, till nich lims a* 
other phetioaicna OMur, by which Ibpj' msf eilhi-r bo miute mora BocumleiSC 

Beroie wo con «oti»6ctoril]' imxywd to an invenignlion or iLo lam gDvere- 
ing miner, in ibe magsea id wbkdi ii ii prpaenletl i« oiir tenae*, it u otnioaa 
that lOiiietbing approaching ID a hdccidci and lolcrablj clear Tiew of the io- 
lemal oompoiilioii of each individual mnierial mau iliould be obtaiiMd. Bf 
the phyaical oompoeilkm of a man of a mBierial nibMance. we by nu latmm 
refer lo its chemical connIitDlion; we do not iiujuire whicfa or bowmuifrf 
thou lubsninces, which chemitu al present consider aa primary or rimplBi 
ate preMOt ; we refer •olel)' to Ihe physical atructure oT the nuua. Tlun, t» 
example, in a hall of marUe, wliich U known to oinaiil of caiboo, iiijgia, 
and csloium, it ia not inquired how miicb of these respective ingredienta wn 
preieni, but in mkat maimer Ibe nunuteat pliysical atom of Ihe cotnpooad 
(ohemicelly speaking) subsiance, marble, is held in conncclioD or relalioN ID 

It would be useless to occupy time by recapltulatinR all the theortea iM 
have been proposed for the resolution of Ibis qucition from the time of hat- 
<nppu>, Uemocritiu, and tlie great philosopher of Slagyia, to out own «•■ 
Beautifiil and ingenious as many of these hypotbeses arc, they often &il lo 
bear the rigid invesiigalioii of truth, and too frequently ate Ibuad to have that 
fuperslrucliire based on no better foundation thnn that of the brilliant and laC' 
tile imaginalion of lliose wlio introduced ttiem 10 Ihe world. 

pable powder by any mechanical means, il must not be considered that ibii 
nate of comminution, however flue and minute, baa put u* in possession of 
atoms of matter in their minutest sleio of division ; for, on examining widi ■ 
buu a pailiule of the powder ibua obiKined, we llnd it closely reseniblps in in 
phyaical oharBetera the mass from which wo obtained it, and of whieh it 
may be regarded as a miniature likeness. So that it ia pndnble that, had irs 
eulting instruments aufliciently delicate, and visual organs auiBciently m)BM> 
acopio, we might continue dividing this particle into numerous smaller pordou 
This dicumsuinoe has been very lately proved, by lliu mii^roscopic Inbonot 
Bhrenberg, 10 be strictly and literally correct, and to bold good where it ml 
least expected. This philosopher, among odier obaervalions, has shown A 
earbonata of liroe, in its minutest stale of comminution, after it hns been e 
posed lo the action of a mill, and then Ibe finest portions separated by iha 
operation of elulTiaiion, atill under a good microscope appears tobeoHnpoMd 
of tronaparent rhomboids, with angles aa perfect as in llie Qneal specimoDsef 
calcareous spar, Ueie atiies the flrsl rguealion in lliia stage of our inqoilyi 
ibi, adniilting that we are able to continue our division of the panicles, Vf 
should naturally nsk, wbnt would be its liniitl — muld it be carried on lo is- 
flnily, oris there a point at which it must stop? There are some phllosopben 
who consider that this state of division may be narried on 10 infinity, 
coneequenlly, that matter ia diviaible forever. If this be the case, there 
be no such thing as an atom ; certainly not, if iu strict definition be adhertd 
lo. What, then, can a mass of raatter be constructed of! Can it be supposed 
to consist of an aggregation of infinitely divisible particles? If so, of v ~ 
are these particles themselves compost, if their division can be (Ootin 
forever! So that we ate almost compelled 10 regard the division of mi 
as limited: Ibr, if we do not admit ibis finite division of masses, we can bava 
no idea, or capability of appreciating its compound particles. To apptei:ials 

• Prinoip. M.Lh. Phi lot., lib, iii. 



▲TTRAOnON AND UrULSIOir or ATOlfS. '41 

mimbai, we moat be acqnunted with the number of units thej contain; to 
appieeiate a tnanm, we must admit the existence of a finite division into par- 
ticles or atoms. Again, no one can suppose matter to be else than mortal; it 
is no attribute of spiritual or immortal beings ; then, if we admit that matter 
is essentially connected with beings which are limited in duration or exis^ 
enoe^ does it not appear to involve an absurditj to suppose that the constita- 
entt of that whidi is limited in existence are infinite in number? ** It woold 
be as easjr to believe that a moment of time may be lengthened into an in- 
finity of ages, as to suppose that matter is infinitely divisible. Nothing can 
be niare revolting to reason than eternal time; infinite divisibility is iiiot less 
absord;" although it must be acknowledged a most difiScult task tt> adduce a 
precise refutation of all the mathematical sophistry and subtleties concerning 
infinite divisibility, with which the question has been loaded. The mind is 
unable to continue the contemplation of this subject; it becomes bewildered in 
the mazes of the question, and seeks relief firom the obscurity enveloping the 
labyrinths which the thinking powers are unable to penetrate, in the con- 
sideration of deductions countenanced by reasoning, experiment, and observBr 
tion. 

We have next to inquire, by what force the particles of matter, which we 
have obtained by tiie mechanical comminution of a mass, were held together 
previous to their forcible separation. Some force must exist for this purpose, 
otherwise no such thing as an aggregation of atoms forming a mass could 
ensue; for we can consider particles of dead matter only as absolutely inert, 
and, therefore, of themselves could not oppose that obstacle to their forcible 
s^Muntion which is presented by every solid material mass ; and this reasoning 
brings us to notice a most energetic force presiding over the internal constitu- 
tion of bodies. This force is attraction; and constitutes the unseen band by 
whose aid one particle of matter is held in close approximation to a second, 
and thus causes the formation of a mass. Reasoning from known focts, teaches 
ns that this attractive force must be considerable, otherwise it would be im* 
possible to account for the difficulty we experience in attempting to divide a 
mass of any substance ; it also teaches us Uiat its sphere of action is limited to 
distances quite insensible to the eye, even when assisted by the best micro- 
scopes. For, having once reduced a mass to powder, the minute particles com- 
posing it ought again to unite on collecting them into a heap on a piece of 
paper ; for they appear to the naked eye to touch each other, and therefore to 
afibrd every opportunity for the exertion of a mutual attractive force to recon- 
struct the mass we have disintegrated. But we know that this attraction does 
not become apparent; the particles of matter do not fly together, unite, and 
form a mass ; therefore, it must follow that the sphere or extent of molecular 
attractive force is extremely limited. 

The attraction between two particles cannot be infinite, for if so, no earthly 
power could effect their separation ; hence there must exist some power or 
force modifying this attraction, acting oonsequenUy in opposition to it. For it 
appears evident from the results of experiment that, although two particles 
have so powerful an attraction for one another, as soon as they are brought 
within the sphere of each other's attraction, that they unite and constitute one 
mass;, yet, tiiat if it be attempted to bring them into absolute contact, a most 
powerful resistance is opposed to our attempts, and the task becomes imprac- 
ticable, demonstrating the existence of a repulsive force between individual 
particles as well as between masses of matter. Admitting the existence of 
these two forces, attractioi\ and repulsion, acting on the particles of matter, let 
us investigate the attributes of the latter in its minutest physical state of di- 
vision, rejecting entirely the hypotheses I have hinted at, which consider 
matter either as infinitely divisible or as entirely non existent: for theories of 
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diia kind miut be rcguded u pantjrmetBphfMal.anil tbeipfcn qoiM dialilM 
Migabooi. IndeeU. bjr It .. .. 



we pun vomiKUUivelf little: ii it bj «uiJ]riDg it in lektioo to other nuuMi, 
and ifae eiiernal world, that we gain may pnunkally oaeful inlbnaatkni. 

It hai been &ir1y deduced from sccuraie reuoning mrtd gbeerTBDoo, thai 
all ultimBie pbyikaL, indiviaible aloma, pouesa lbs auiibiuei of impeoem- 
Inlity, bsrdnesa. and figure. Wbat their foim really is, it ii impiiHible tony; 

C"»opheiB have exbaiuled the rertililj' of Ibeii imaginalion* on this Hibjecl 
oncienti luppoaed ihem Id be poeaeued of rarioiu form* ; moM modeni 
writer* bave aSHuii«l lliem lobe tphcikail; and, certainly, in rEasoning on 
their piopenie* aad aiuibutes, tbi« form ii found moil available ; a late Ilaliui 
author hai attempted to prove ihem to be pyramidal. To enler into tbe*e 
■pecDlatioiu would, however, be uselcaa and unprofitaUe, ai it i« >elf-evideiil 
Ihal no direct proof can be brought lo beat u|ioa the Hibject If the GOn- 
poDcatatOTiu of any form of malter be placed lufficiently near to each other, 
by the action of a mutually attraotive turce, u-e have a Kilid produced ; if ■ 
repulsiTe energy be then exeiled. (lie alomi Qy aiumlcr, and we have a mfi 
9oiidt or Hifuid ; and Ibia, upon a »il1I farther applimtion of repuliion, beoomei 
converted iuto a ^ai, or impor. from the more disiaiil )epaiation of il> «on- 
ponent Bioma. As an oininplo of tliose dilforeni smua. let ui take ice. Tka 
ia a well known xdid of comiderable bBnlneu. justifying the idea duiiu 
MOmi are very closely approiimaled to eai.-b other ; on applying a gentle hiial, 
theae atoms wpanite, and tt Quid, water, is produced ; a Mill t^teaiet decree 
of haBl causes a furlher separation of atoms, and a vapor, steam, is geneialed: 
in this ilBle a given number of atoms occupy a space more than Boveniecn 
bundted limes greater tlum ifaey did when constituiing lluid water. Many 
other forms of matter may be made to ouumo Ibe several slates of Molid,Jhad, 
and $01. In the cnte of carbonic aijd, this is beautifully demonstrated, an in- 
risible gas having, nnder powerful [icrs^re. its molecules so upproiimaled 
thai a fluid is formed; and then, uader the inllueuce of intense culd. a aiU 
liirlhcr approximation ensues, and a white solid, resembling snow, is produced. 
All these several stales of mailer will fall under our observation in the ia- 
-vesIigaiioD of tlic scienues of Statics, Dynamics, Hydruslatica, and PiiQUin» 
tici (Chap. I.— Tilt.) 

Mawes of matter constituted in the manner llius described aie said to ba- 
firilElt, if the attraction between their atoms is so weak as ID be overcome if 

be readily overcome ; — anil lo be iLulic, if. upon die application of force, Ibeir 
atoms allow of partial separation, and rapidly reunite on tlie removal ofpres- 
•ure. If, tot example, a glass vessel be IJKbtly slnicli, its aUims momenlBiily 
separate, then rapidly return lo their normal state, and by a series of isochro- 
nous oscillations, their movements are communicated to the air, an eminent^ 
elastic body: alternate dilatations and contractions ensue in tliosc layers of 
air nearest the agiiaied body ^ these become gradually eilended iniotlis grew 
mass of Btmoaphete, like the waves formed on ibe surface of a lake by iht 
filling in of drops of rain, and gradually extend in rapidly dilating cirdei 
until they vanish from the eye of the observer. When tliese vibratory mo»* 

sensation termed a lounif.andon the rjuiolineitor slowness of their succession 
depend all the varieties of grave and ahiill loues. Less than sixteen vibra- 
tions in the second ore impercepiible as a continuous sound lo Ibe most delicate 
ear, whilst die greatest number perceptible in that time arc probably mijdi 
less than nine thousand, producing an exceedingly sharp sound, or rather 
■hriek. An examination of these effects beloiiga to the science cf ^ematin 
OI&WuJ. (Clinp. II.) 
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' Having assumed that all matter is made np of material, minatey indestraot- 
iUe, spherical atoms, we see at a glaiioe that, let the attiaoting finroe emana^ 
ing from their oeDtres be ever so intense^ interspaces mauL exist Mow, as 
to the state of these . interspaces, more - discrepaocjr of .opinion has existed 
than on waj other point of philosophic inqaiiy; some supposing them to be 
empty, others filled with an ethereal matter. Here Descartes found his vor- 
tices; and here the more aoeiMit philosophers located their ether, animating 
the mass, and enduing it widi its peculiar properties. The latter opinion, 
although explbded for ac|es, is probaUy, with some modification, very near 
the truth ; all reasoning and all experiment tending to the belief that these 
interspaces are filled widi an imponderable form of matter, playing a most 
important part in the phenomena of the material world.. Such, indeed, 
appears to have been the opinion of Sir Isaac Newton, who refers, in the 
queries appended to his Optics,* to some 6f the probable properties and efEects 
of this subtle and imponderable form of matter. His almost superhuman 
mind even grappled with the difScult question of the probable density and 
elasticity of this medium, as compared to air. Although possessing but slender 
data for investigation, derived chiefly firom the rapidity of propagation of 
sound, as compared with that of light deduced from the horizontal parallax 
of the sun, Newton has shown that imponderable ether must be at least 
700,000 times less dense than air; and that its elastic force, as compared to 
its density, must be, at the lowest estimate, 490,000,000,000 times greater 
than that of air. It is obvious that this imponderable form of matter, or ether, 
which we have assumed to occupy the interspaces existing between the solid 
particles of ponderable matter, is not limited to these localities, but independ* 
ent of occupying what would otherwise be vacua between the gaseous 
atoms of our atmosphere, even in its most attenuated state, extends beyond 
its confines, as weU as those of all the ponderable elements of our globe, 
into space ; — here forming an invisible and imponderable fluid ocean, in which 
the vast orbs of our universe roll oa. unimpeded in their majestic courses. 

It has been objected to this view of the presence of imponderable matter 
beyond the limits of our own world, that it has no further foundation for its 
existence than the necessity of its presence to support the undulatory hypo- 
theses of light and heat And it has been stated, that, were space actually 
full of this matter, we dKiuld expect a certain amount of retardation in the 
velocity of the planets of our universe. But when the extreme tenuity 
of ether is considered— when it is recollected, that, in comparsion with the 
air we breathe, it is at least three hundred times lighter than the latter is 
when compared with the density of a granite rock, no considerable amount 
of influence on the movements of the members of our universe can be 
reasonably expected. Still, tint it does exert an influence is now indisputable, 
as it has been demonstrated by Encke, in the revolution of the comet which 
bears his name, that an acceleration of two days occurs at eedi revolution. 
l*hat this acceleration of a body which possesses probably no more solidity 
than a wreath of vapor, is the actual result of a retarding influence, may ap- 
pear at first sight paradoxical, but a moment's reflection will remove all doubt 
upon the matter, llie planets and comets, whilst revolving in paths more or 
less eccentric around the sun, move with such velocity as to generate a pow- 
erful centrifugal or centre-flying force, which prevents their obeying exclusively 
the attractive power *of the sun: So long as these two forces are equally 
balanced, no alteration in the revolutions of a comet or planet can occur ; but 
any variation in the intensity of ether will exert a powerful influence upon 
these wandering bodies. The existence of a resisting medium tends to retard 

• Optice, sive ds reflexionibns, ftc., locis, lib. iii., Qa. 18-S4. )x>ndoa, 1719. 
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thavelooitfofamoTiogbodf.Bod baooe diminuhei in omlrifii^ fcvdo. Tba 
resulioftbiidiminuQao ii, that tbe oomr* obeji the innciioii ofihs MOiHid 
oompleKv iu oiiiil in a analler ellipae ihan ii did betxe auch an laauMi 
exerted ; it cooaequondy atouni iu ■ppaieol jHaoe in die hesveiu a 
each reToludon, bum perCcnn each inaii orbil nearer to the Mm. A> 
comet ootnplelei it> reTolulioiu in about I.30B dafi, and loaes leai tbaa cmm>- i 
tboutanddi part of in velociir u each levoluain, it will require 7,000 i«T» 
lulions, or ebDut 33,0U0 jears, for it U move ivith one half it* present T< * 
Another cotnet, known ■■ Birla's, which completes it* orbit in 6| fo 
tained iu apparent place in the heaveni at iu last revoluiioD une day eMrtiN 
tbnn it would have done if no reutding medium eiiHed. Theae iiuits weak- 
en the foire of one of the moat pluuiUo objecuona Bgainit the fappoUwaii at 
the exiMeoce of etber in apacs. 

One of the diom mplerioui and wonderful propeniei of impaadanbla 
matter, is the power it poaaeaae*, utuler certain oircainBtancea, of efieciiog an 
■ilenilion in the particlei of pontlerable and even solid bodies. It is now est- 
lain that a sunbeam cannot Tall upoa a bod)' without iu etening Boma ■»' 
portanl phjrsical or chemical change, nnd thai every aliematinn of light Bad 
■bade whinli occurs pnxlucei a more o> leu permiuieiit effect on the aar&ca 
which receives thorn. What can be more evaneeccnl even to a provetb, Ifaaa 
a shadow, whether we tegard il in its oommonesi sense, or aa applied to the 
beautilal colored iraagea of the camera obacura, or llie startling spectral ilia- 
sions of a concave mirror* Yet the nalursi magic of modern aoience bai 
(aught LIS bow ID make even these permanent; and by the art of pbologiaphjr 
(Cha|). III.) has anaUed lU to 

" Catch the BHliiig ihadow ai il fliei," 
nnd baa thus given us the power of compellltig a landscape to paint ita own 

There it Ihia remarkable apparent iliHetence between ponderable and im- 
pocKleraUe matter, that, wbilei to cauao die farmer to niaume motion, abaolDte 
oonlact with another ponderable mass ii required, tlis latter assumes ibsl 
■tale without visible contact, and even at considerable distances from the 
moving power. This may, however, be, after all, only an apparent differenea, 
absolute contact of ethereal amma through the medium of the utniospbere ia 
■II probability occurring, alibough not obvious to ub on accDUDtofthe iiivisibis 
nature of the agent whose elfects we are examining. Thus, a bar of iioi^ 
whose imponde[a)>le interstitial ntoins have been, by a process elsewhere da- 
scribed, arranged in such a msutier aa to present the phenomena of magiM)' 
iam (Chap, x.), may be placed upon a pivot, and yet assume no motion with- 
out contact of the hand; on approaching it, however, by a second mass or iron, 
whose ethereal aloina have been similarly arnnged, the suspended bat movH 
long before contact of the two bars occurs. And the recent labors of oat 
great countryman, Br. Faraday, have sliown that this magnetism possesses i 
far higher interest to us. iU doroinion mi being acknowleged merely by bus 
of iron, but boii^ obeyed by almost every form of matter, Impundetabls 
ethereal matter may be occasionally eliciied in a slate accompanied by Itui^ 
nous phenomena, as, on turniag the plate of an electric machine, vivid flaihas 
of light rush to the hand held near the apparatus ; preseniiiig us with tnimio 
lightning of the same nature, and similaiiog in its eflocts tliut which awes W 
when exhibited on the large scale in the theatre of nnluie. These elTscta W* 
Bball study when investigating the science of eleclriciiy. (Chap, xi.) One of 
the most remarkable properties of this form of imponderable matter is lb< 
power it appaara to possess of rushing throuph dense metallic wires like 
water through opeu tubes; this, and its invisibility, caused it to bo miUtect 
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among the most mysterioas agents ; and its almocit miracnktis effects would, 
had they heen known in ^e middle ages, ha^e pladied, as a knowledge of 
magnetism in one instance really did, its caltiTatDrs in danger of the stake 
at the hands of inqaisitorial ignorance, for a supposed connivance with the 
powers of darkness. 

The subtle and invisible ^rms of ethereal matter, when caused to assume 
a vibratory or undulatory movement with sufficient rapidity, produce a pecu- 
liar set of phenomena, whose effects are known by ihe terms of light and 
heat ; effects of vast importance, Ibr without them nature would be dead to 
us, its beauties no longer apparent, and this world a cheerless waste. The 
vibrations of ethereal matter required for the production of the perception of 
colors are inconceivably rapid, no less than 458 millions of millions in a 
second of time, lieing required to communicate to the retina the sensation of 
scarlet, and 727 millions of millions in the same space of time to communi- 
cate that of violet; and to appreciate these rapid undulations has the delicate 
mechanism of the eye been arranged by an All-wise Creator. The considera- 
tion of these phenomena is the province of the science of Optics (Chap, 
zxi.) and Thermotics (Chap, xxviii.). 

In the foregoing observations, I have ihns given a view of the constitution 
of masses of matter, sufficiently extended to enable the student to oonamence 
an investigation of their properties, and have pointed out to him those beauti« 
ful and important branches of science, to the elementary investigation of 
which, these pages are devoted. 

To this no less interesting^ than important and attractive^ series of investi- 
gations, the attention of the student is now invited, fully confident that all 
the difficulties that may at first appear in his course, will disappear by a very 
little exertion of patience and attrition, and that, instead of proving stumbling- 
blocks, they will furnish so many stimuli to exertion. He will ultimately 
reap a rich reward ibr his labor, by finding his knowledge of Nature's works 
and laws improved, and to a certain extent, it is hoped, perfected ; whilst the 
professional student will, in his own |>eculiar department, find that his 
knowledge of the action of the heart and circulating system will be improved 
by an acquaintance with the laws of fluid motion ; that his knowledge of 
the physiology of the respiratory functions will not be diminished by an 
acquaintance with the laws of atmospheric pressure; that his ideas of the phy- 
siology of muscular action will be extended, by being able to explain it on 
mechanical principles; and that his knowledge of some of the vital Amotions 
will be increased and facilitated by the study of electric currents. 

These are but a few of the attractions which a study of physics holds out. 
I might also refer to the connection of the physical sciences with the ordinary 
duties of life, and allude to their infinite importance in affording the key to a 
vast series of natural phenomena, as well as to the sources of gratification 
experienced from an acquaintance with the laws governing the hurricane, 
the torrent, and the tempest ; by which these otherwise terrific agents become 
divested of half their terrors, by our being able to remove those with which 
popular superstition and ignorance have surrounded them. 

These are some of the rewards which extend to those who jmy even a 
slight attention to the physical sciences. They are raised above their fellow 
men by their increase of knowledge, knowledge of the most valuable kind, 
applicable, in a greater or less degree, to their different professions, and to all 
the resources of civilized life; whilst, from gazing on his beauteous works, 
and admiring the harmony and simplicity of the laws He has impressed on 
nature, they are compelled to regard with no less gratitude than admiration 
their divine Author, and become enabled to appreciate the full force of the 
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CHAPTER L 

eiviBAK vBonmnsfl or iuxtmu nr atoms Mn xassxs. (staticb.) 

FiMUe Dwimbait^ tf Mtstier, I. EttenM Propertin 0/ Jkmt'—Ifi^^endr^ 
Extennottf tmd Jfigun^ 2 — 7. Moheular Forcm^ 8, a Jkntity, 10. jicem- 
$ory Proptriie^rf MatUf^Dmmbiiity, FkdAUiiy, Tmadiyj BritOtnm^ EUn- 
(td^y.n— 17. ifMrtio, 18, la. 

1. Alk TBcietieo and ibrms of matter are similarly composed, being made 
up of an immeBse number of extremely and indeed kiconceivably minute, 
indestmettble particles, whicb, from their nol admitting of further mechanical 
diyiflion, are termed otonw.* Some philosophers have, however, conceived 
that no true atom eiists, and that all matter is capable of undergoing division 
to infinity, a statement capable of being satLsfiv^torily proved, when limited to 
mathematical lines and points. Thas^ 
let A.BC9 be Haes drawn parallel to each 
other \ draw the oblique line ve, and from 
r on the indefinite n^t line cb tak%any 
number of equal parts, as tahed^ &c. 
From B draw lines eonneeting this point 
to abcd€^ &e., cutting the oblique line Fe ; 
then, as the number of points aie, &c., on 
the line cb may be infinite, it follows 
that the line ve may be infinit^y divided 
by lines connecting such points to x. 

Another nx)de of illustrating the same posi- 
tion is by dmwing two parallel right lines ac, 
ea perpendicular to bv, then from the points 
ccc, as centres, describe, with the distances, ca 
as radii, the oircular arcs ac^ At, &o. Now the 
greater the radius ao, the smaller must be the part 
cut ofif fiom the line h», and as the radius may 
be in(»eased to infinity, the part »a may be 
diminished in a similar ratio, never becoming 
reduced to nothing, as the circular arc described 
with the longest radius can never entirely co- 
incide with the right line bp. Consequently 
the parts of any magnitude ea may be in this 
mcmner diminished to infinity. 

♦ A, and wf***, scindo. 
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OENEBU. PRUPKSTieS Of M*TTB£. 

Antumenli or ihii kind ought, howpver, to be T^Bnlrd a* applicable Oatf 
to maihematicnt lines anil point*, which, ilie former bring wilboul liiimillh 
and ihfl laltsi wilboul length,* can bo regarded but aa mental concsptiiaa, 
and not physical existences. 

2. The ultimate particlci o( atoms (I) of matter, possess the Ibrre (ota- 
tial characters of in^nufraU/ily, titention. ami fipvt. Of these propurtiea, the 
Am flows direcll; from the definition of an aiom, as it is obiious that notfaiBg 
can be bo impenetrable as that which is incapable of rurther division. Wbeo 
any aolid bodj ii immemd in a Quiil, some portion of the latter is displBced, 
and tbns, on a miperflcial Tiow, might be supposed to be penetratni by (he 
immerBed body ; it will, however, be found that no real penetration occuia, u 

a quantity of Quid becomes displaceil, equal in bulk n 
Ibe solid immorMd (160). On forcing a nail oc a Imife 
into a piece of wood, the ultimate physical aioma (tf tba 
latter arc not penclrstej, ibe instrument being merety 
insinnated into the interstioiis Existing belweea tho iti- 
divisible molcsulcs. Again, air and all gases, aJlboo^ 
opposing a scarcely perceptible resistance lo tba paoigB 
of bodies through them, are really a> impeostrablv n 
solids. IT a gtaas receiver i be inverted over a lighted 
taper fliei! on a cork Boating on the surface of water, it 
can be pushed to the l)otii>m of the containing vessel, and 
(he loper will thus continue to bum under water so Inng 
as suiBcient oxygen is present lo support combustion, » 
the included air from its impenetratriliiy will preveol Ae 
10 (he receiver. Upon this character of impeDoIiability 

depetids the great physical aikun, that no two bodies can occupy the sbubi 

space at the same instant of time. 

3. Tbo second chaiacler, or oYnuiaii, is also a necessary constyjuence of lb* 
definition of an atom already given, bs that wbicb possesses a physical «iiil- 
et)co must necessarilyoncupy a portion of space, and posses* sides and aurftcn 
in relation to other atoms. The eiteneion»f bodies b expressed by the thiM 
dimensions of length, breadth, and thickness. 

4. The third chamcter, Jiff«rt or/orm, is also essenlial to the exiMencsof (B 
atom, as nothing can be conceived as phyncally existing, iinlesf it possevn 
some determinate shape, although Ibis property is not sufficient of itself H 
prove the material existence of an object; for in shadows and spoctial flhr- 
sions, produced by varions optical means, we have examples of figure or fbna 
wilhoiil matter (577). 

5. Of Ibe acluel form or sire of atoms, nothing positive is known ; it ii, 
however, probablH that Ihsy are sphetical, but of their dimensions scarcely M 
approximation can be obtained by nny means we are yet nc^uainled with. 
An ounce of gold can be drawn into wire several miles in length (1 1), aoj 
yet no Saw, or evidence of separation between its atoms can be discovered bf 
the closest microscopic eiaminHlion. Animalcules also exist, so minute dMi 
myrUds can swim in a drop of water, and yet every individual posaeaw 
organs of digestion, circnlalion, and reproduction, each miule up necessarily tt 
an immense number of atoms. Chemieliy affotds us evidence of the eicesnn 
minuteness of atoms, for when eevsral metals, as nickel, cobalt, or iron, ■>■ 
reduced from their oxides at the lowest possiUe temperature by means ofi 
current of hydrogen gas, the stale of division of the reduced metal is almoit 
inconceivable. Each i»rticle of metal slowly evolving its oxygen, Ibrms i 
powder which may bo considered as composed of ultimate atoms. Thew 
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are in every case leas than jjf-^jflfjsjfffjf of an inch in diameter, so that hy a 
simple calcalation it may be proved that a cubic inch of diem would, if ex- 
tended on a level sur&ce so that they n^y touch, but not overlap each other, 
cover an area of 218,166 square feet, or more than five acres of ground. 

6. Another illustration of the extreme minuteness of atoms is met with in 
the thin films of a soap-bubble. These present fine iridescent colored bands, 
and at the upper part of each, it is demonstrable that the thickness of the film 
just before it bursts cannot exceed ^^^.l— _ _ inch (641); and yet even this 
thin layer is not composed of a single stratum of atoms ; as it must consist at 
least of one atom of soap and one of water ; the former composed of soda, 
stearic, or margaric, and oleic acids, in the simplest view that can be taken 
of its composition, and the latter made up of at least a molecule of oxygen 
and one of hydrogen. 

7. The minute atoms composing mastet of matter may be, and often are, 
chemically compound, although physically simple; thus a piece of marble may 
be divided into its ultimate molecules, each consisting of carbonate of lime, 
and here physical analysis stops; but by chemical analysis we can separate 
each of these atoms into carbonic acid and lime, the former being again che« 
mically divisible into carbon and oxygen, and the latter into calcium and oxy- 
gen. In physics, therefore, an atom is regarded as simple when it cannot be 
further divided without separating its chemical elements. 

8. Atoms are held together by means of a force denominated attraction, the 
firmness of their union being modified by the presence of an opposing force, 
termed rqnMon, wad upon the preponderance of one of these forces over the 
other, depend all the physical properties of matter, known as hardnest, tofines^i 
fimdxty, &c. The intensity of this molecular attraction varies considerably in 
different bodies, which thus acquire very varying degrees of tenacity (14). 

If the mutual attraction of atoms be so considerable as to prevent a sharp 
body, as a knife, being inserted between them, the mass is said to be hard; 
but if so feeble as to permit their ready separation, the resulting mass is 9ofl ; 
and tijluid or gaaeous body results when the intensity of the mutual attraction 
between the atoms is so fkr diminished, as to allow any substance to be moved 
between them without experiencing any considerable resistance. Thus the 
various states in which matter exists, as <o/u/, viscous, Kquid, or gaseous, merely 
depend upon the varying intensity of the molecular forces of attraction and 
repulsion. We may regard a solid body as one in which the mutual attraction 
of the constituent atoms exceedg their repulsion. A fluid is one in which the 
attractive and repulsive forces are equal; whilst in a gas or vapor, the repul- 
sive force far exceeds that of attraction. These several states are readily 
convertible into each other by various mechanical means, and by alterations 
of temperature: thus, water at 32° and mercury 72° lower, are solids, the one 
being transparent, the other opaque. At ordinary temperatures both are 
liquids, whilst at 212° water, and at 670° mercury, become vapors or gases, 
both being transparent, these several changes depending merely on the greater 
separation of their atoms effected by the repulsive power of heat. The 
original volume of the fluid becomes amazingly increased by this separation 
of the constituent molecules. The following table shows at a glance their 
enormous increase of volume by vaporization. 

1 cubic foot of water expands into 1689* cubic feet of vapor, 
alcohol . . . 493-5 
ether .... 212-18 
turpentine . . 192*15 

9. The most elastic gases can, by tlie application of suf^ent pressure, be 
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IHERAL rtOFBRTIta OV MATTER. 

a viiiUe fnim ; tecominc llqtait if &• pWiMMW ba Nf 



PiGHUre of aunusphere (Ibl) 
nquirod id nmdeiua Iheoi 



CSilorino .... 4 00" 
CaiboDid Bcid ■ ■ ■ 36 33* 
WitHMWackl • • ■ 50 4^ 

)(L The dmuiir of mann in anjr of iu threa Watn ja motaared bf A* 
quaolil)' conlained in any giren bulk, and is ciprwMsl bf its apeciflo pKlftf 
«c apeciAc weiiU', oa oornpared wiA aome body taken as ■ nandard ; Ibm^ 
■ Biren Inillc of water contains 1,I)U0 nlmns of mBitpr, ■ aimilar bulk oT pif 
tiniiin will ooolain abcwt 93,000; of copper nearly S.OOO, of iron 8^00^ h1 
oT glau about 3,000 ; ihew aevera] numbeis beinK identical wiih dw ^MilB 
weighi or gravity of iLe re!ip«iive substances (113). 

Masses of matter, moVraver, posseaa several properties whidi tomj bs «b- 
■tdared as Booessory, all depending upon|tbeili&*eteDi defnea of inMiMhjr wiA 
whicb the physical aioms Rre mutually (i«l together. Among the movB ii» 
ponanl of Ibaw may be ranked DmiiMily, FlaibMy, TauuHf, ffl jHlinm, 
JEbutioty. 4v. 

1 1. Dwiiibilily, or Exttiuian of Maua, Tliis character may be oamaAemi 

(ical BUnnai depending upon the immenie, aUhouiih finite namber of pan 
into wbich a mass may be divided. Thus, an imperceptibly small portioDtf 
alryofama will render a wbole pint of water bitter, and a single ^rain of the 
ammoniRcal byposulpbile or lilveT will render intensely sweet 3'2,O0O gnini 
of water. One grain of iodide of polaasiiim diwolved in 480,UOO of wslcr, 
when miieil with a little starch, will lint every drop of the fluid blua on As 
nddilian of a aoluiion of chlorine. In all these case*, we have at once eri- 
danea of the exlrema minulencss of atoms fiirnisheil by Ihedivisibiliiy of tbs 
tnaasea of stryi^linia, silver, and iodine by means of scdiition. Wtien anirail 
or tegelable substance* aio burnt, they are neither consumed nor destfoyad; 
their aloms are merely divided or separated IVom sach other to form naw 
oombinatlons. Excellent illustrations of Ibe aame property are met witti in 
naay processes of art; a sinKle pound of wool will furnish a piece of yam 
100 miles in length. Gold under ibe hammer is reduced to such a bIsU o( 
teouHy, that 360,IX)0 of the leaves produced would, if piled on each odu*, 
only equal the ihickness of an inch. Even tliis is far exceeded in the btI of 
the wire drawer, who, in the most Ofonomioal mode of prepaiinn gihled. nhtf 
wire, extends two ounces of gold over a length of 1,331,900 feel, or taOtt 
more than 768 miles. The exquisitely delicate wires of platinum made If 
the ingeniaua process of Dr. Wollasloo, aflbrd a remarkable insmnce of *• 
extension of matter, no less tlian of the almost inconceivable minulenesa ef 
the eomponent atoms. The finest of these wires is but otie-ibrce millionth (< 
an inch in diameter, and 140 of them placed together would jusl eqtial in 
Ihickness a single fibre of silk. 

12. Fkabilily. When any subatanco is capable of being Itenl in any givea 
manner within moilerate limits, by the ai)pUealiDn of sufCiricnt force, it '» 
aaid to be Jltxible, For a body to posHeaa this properly it is tieccBsary ihal the 
atueotion existing between oiiepotlioii of its aloms should be cnpnble of being 
partially overcome, and tiiat between another poriion propoil ion ably increased. 






Thus, let AB, CB, represent two rows of atoms situated at their nonnal dis- 
tance ftom eadi other ; on applying ibrce suffi- 
cient to flex the whole into the curved form xf, Fig. 4. 

ea, the arc if will be larger than the arc ea, /^YW^w^YW^ 
and consequently its atoms will extend over a -4v.A.AJUvJLJUv-J-3 
larger, and those of the lesser arc over a smaller C OOOOOOOO^ 
space than they did when in die rectilineal >w>^»,yv-A»-Aw>V>^ 

figure. That such a change in the relative dis- 
tance of the atoms really occurs, is rendered evi- ^^ \^^ 
dent by merely inspecting the figure of a thick /^ \_) \y /^ 
wooden plank which has been aUowed to be- —^^^Lr^V'^V^v^ 
come curved by its own weight Let ab, cd 
represent the section of such a plank supported* 
at its extremities cb, it will be seen at once 
that the suiiace ab and ob represent two con- 
centric curves, of which ab is the smallest; con- 
sequently the atoms nearest the surface ab must be more dosely approximated 
than those nearest cb. The atoms lying 

in a line intermediate between ab and Fig. 5. 

CB, undergo no change; the line xf, there- 
fore, in which these lie, constitutes what 
is called the neutral axis of the body, and 
this portion might be excavated and re- 
moved without materially diminishing 
the strength of the plank. 

13. On this principle, hollow cylinders of different materials are employed 
instead of solid ones, when used as mechanical supports. Indeed, if all 
opposing causes in the shape of flaws, bad workmanship, &c, are absent, such 
hollow cylinders not only have the advantage of lightness and economy of 
material, but are found in practice to be actually stronger than solid ones of 
equal weight Tredgold found that when the inner semi-diameter of the 
hollow cylinder is to the outer as 7 to 10, it will possess double the strength 
of a solid cylinder of the same weight 

14. Tenacity. This character is dependent upon the intensity of attractive 
force existing between atoms, being sufficient to oppose their ready separation 
to such an extent, as t^ cause the rupture, or fracture of the whole mass. 
Consequendy,all flexible, ductile, and malleable bodies are tenacious ; although 
many substemces possess the latter property without the former. The tenacity 
of matter is well shown in the remarkable malleability of copper ; for from 
a flat plate of this metal the skilful workman forms a hollow vessel without 
any joint or seam by the use of his hammer alone, and by well-directed and 
repeated blows, the vessel he has formed, however much diflering in figure 
from the original plate, is everywhere of the same thickness. Tenacity varies 
extremely in difierent substances : metals aflbrd the best examples of it ; thu^, 
a piece of steel wire of given diameter is capable of supporting without frac- 
ture 39,000 feet, or seven miles and a half of its own length. Wires of dif- 
ferent metals of the same diameter, require difierent weights to overcome the 
mutual attraction of their component atoms, as shown in the following table, 
the figures representing the number of pounds weight required to break 
wires of the metals enumerated, one-tenth of an inch in diameter. 
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OBtnnUt PSOFKRTIBf or KATTIK. 



Iniii 



80-1 
27-7 
M-7 
lOBA 
ISO«7 
1B7-13 
374-31 
303-26 
M»2S 



IP iron wirei of Oom j'f la j'^ inc 

rmoiis tmaciij' or SO uhi9 in neli «qoue in^ It 
. wliU-h renders wim of Ihfi mMi< ao spplioAleV 
nstruction of lighl aufpenskm bridged. Thp Ibllowing laUe showilbe 
J potKued by ilifferenc bodies calculslnl in totu weight.* 



. inch in diomclcr 



in ban (bngtiah) 
in bare bamnieretl 



Bilvat, cai 



Pkuinum 



17 



,Tilt bear a 



IS. Tretlgolil hao shown thai many soli 
of prBsaare before tliey yield mfflcietilly to allow any pennan 
Ihoir shape. The figures in the followinglabie rppreseiit the wcigni i 
reqnireii lo effect a change in the figure of a one-incb cube of the s> 
Diitted (o experiment. 
Malleable it 



Cast iron . 






17,SIX) 
15,300 


Bn» 






0,700 


Zino 






S,700 


Tin 






2,880 


Lead 






1,500 


HedFir 






^,290 


Oak 






3,900 


White Sx . 






3,030 


Ae)i 






3,S4n 


Elm 






3,240 


Coiul Rumford found di 


lacyl, 


ndriral roll of 


paper, witi, tbo 



together, and ptesenthig a teoiiMial area of oiM tqnare kioh, would eopport a 
weight of 30,000 ponndBl 

1 6. Brittktms, This is obTkmsly the oonvene of the last pcoperty of matter ;« 
it pcMnts oat that condition of a substance, in which the attraction between its 
molecules is capable of being oretoome bjr a comparatiTely slight fbroe. Yerf 
hard bodies are o^Ven extremelj brittle; thus, a piece of glass will scratch the 
surface of polished steel, and yet is the most brittle of substances, unless spun 
into exceeding^ iftne threads. This property is frequently acquired during 
the hardenimg of bodies, when iheir atoms are brought nearer each other's re» 
pnlsive influence ; thus soft steel is tenadons, 3ret a hard kmfe^ge is as brittle 
as glass; cast-iron is extremely brittle, and bar-iion is the toughest substanoe 
in nature. 

17. J^tuticity, A body is sudd to- be elastic when, aAer being bent in any 
direction, it spontaneously recovers its former riiape on the force which had 
altered its figure being removed-; all elastic bodies must be so ccmstituted as to 
allow a certain number of their atoms to be brought, at least momentarily, 
Dearer each othen than they previously were. If the body be a metallic rod, 
then, on being bent (see last figure (12), in the curved form se, hf, it will 
have a tendency to assume its primitive rectilinear form on the removal of 
the coercing force, in consequence of the exertion of two forces, viz., attraction 
between the paitially-separated atoms on the outside, and repulsion between 
the closely-approximated atoms on tlte inside of the curve. The rod will 
obey these forces, and after a lew oscillatory or vibratory movements (77), 
will, if perfectly elastic, recover its primitive form. In this case, the change 
of fcxrm which brought into action the elasticity of the body is very obvious, 
from the curve produced by its flexure ; sometimes this change of figure, even 
in the most perfectly elastic bodies, is not evident to the eye, on account of 
their figure ; still such chaise does demonstrably take place. Thus a ball of 
ivory is elastic, and this property causes it to rebound from the floor when 
forcibly thrown upon it, its figure, on its impact, becoming altered and com- 
pressed, nor does it again become spherical until after it has for some instants 
been an ellipsoid, of which the greater diameter is successively horizontal and 
vertical, as shown by the dotted curves in the marginal figiu'e. The force with 
which perfectly elastic bodies, when extended or 

compressed, tend to recover their form, is proportional Fig. 6. 

to the amount of extension or compression to which ^-:-, 

they have been subjected ; thus, for two, three, or four ^^ff^rrfe^Ov 

times the amount of compression to which the body ^jr i ^\n 
has been subjected, an equivalent quantity of force //' ! 

will be exerted in attemptiog to recover its original [I I j 

figure. Different elastic bodies vary extremely in the \\\ : 

extent to which tiiey will yield without rupture; thus ^^ I 

caoutchouc will yield considerably, and will after- ^<v-— j---;;?^ 
wards very nearly regain its former shape, unless it ^^tltr^' 

has been stretched for some time. Glass threads, steel 

springs, unannealed copper and brass, are all elastic. Among the most elastic 
bodies are gases; tiiese, on account indeed of their physical constitution (8), 
will permit, on the application of sufficient force, their atoms to be very closely 
approximated, again separating with rapidity, and even violence, on the re- 
moval of pressure ; the air-gun and condensed air-fountain are examples of 
this property in atmospheric air (194). 

18. All forms of matter, whether in the atom or in the mass, are alike inert, 
and incapable, by the exertion of any spontaneous force, of changing their 
state or position : wherever a body is placed by any external cause, there it 



16 OBKBAU. PBOPEKTUa OF HATTKR. 

muM reroain for erei, nnleu arird upon by (Mne 'mpeiior toroe. Thia jhD' 
perly of mailer is lenned iu Intriia, or miitanco lo ■ ebuife of pocitioo. 

TluinltHnliof tM/ortio/immiaineniun ipUH Urn jitamtHf of maOB: The 
Tniaiknce cxpcrienc«l on flnt seiung any body id motkn, mid the diffiml^ 
eipeiienced in (K^ping it when moving, arite equally rram tbu oum; fa 
being abaotulely inert, it rnlliiw* ihst nuiter mnsi retuu ita iMla of inatioD,u 
well u of re« for erei, unleH acWd on by opposing foioei. 

16. The fill lowing are examplet of llie Ibrre of inertia; in tunun( a winck 
a <Iecide<l raiMlama is Hi firai experienced lo our attempts; this baoofnea gn- 
duKlly overcome, and then ibo wbcrl coolinuBs lo move rapidly bgr the coa- 
tinued application oT B force, just iiifficienl lo overcome tba resisBooe o&nd 
by tfae medium in which it moves, and the friction at Ihc pointa of mpea- 
eion. In a, team of horaei alteinptiiig lo move a heavily laden -wagon, as 
immenie exerlion of miuculai rnioe is required lo oTeroome its tiMr(ia,bul ihii 
doce effected^ the boraes conlinue lo draw that weight with iacility, which 
at first they were scarcely able, by tlie utmost exenioii of tbeit physical 6me, 
(o move. A traveler sitiiiig in ■ cmeh, on the horse* itaniiu!, ia throvn 
baokwanls ; liis iiteriia opposing a rcsislnnce lo his body apqujrio): at once 
the movemcnl of the vehicle, aud ibetdbre lends lo leave bim behind ; and 
on tlie cuacb stopping, be is Ilirown violenlly onwards, from iho mrrtia of bii 
body lending lo retain ibo motion previouply ncquireiL A bullet tlirown at * 
pane of glass breaks it into ihousaiiils of pieces; but Ared from a rifle at it,il 
merely pierces a circular liole, from the mirlia of the glass rertderiog it in- 
poasible for every portion of tbe laller to acfiuire suddenly the rapid DwliMI 
of the bullet, and consequently thai ponion only opposed lo llie point of im- 
pact ia carried onwards, and participates in the tapi J motion of the balL A 
Mick, wlioee ends rest on two wine-glasgcs, mny tbirs be brukpn by a anan 
blow Willi a poker in ils cenlre witliout injuring its biiule supports. 
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CHAPTER IL 



KATUBE OV TES ATTSACTITX F0BCX8 XXXBTXD BXTWXXV XAS8X8 OF XATTXB, 

(eXBXBAL STATICS AXB DTBA.MICS.) 

GtneralLaw of Attraetiomj fiO,21, Cohesitm,^X2, JdhmoHyfl^QA, CajnUarity^ 
25 — 33. Endosnum^ 34, 35. Diffutkm of Gate$, 36 — of Liqiadt, 37. Granoi- 
tation, 38 — 45. Centre of Gravity, 46^50. E^brium, 51—- 53. 

20. Attbactitb fbtoeuy oxpahle of acting not only between atoms, but also 
between masses, exist; and farm a verjr important subject of consideration. 
Molecular attraction of aggregation, which ties atom to atom, has been already 
alluded to. We have next to examine those forces which act between masses 
of matter; these may be diyided into two sections, the Arst comprehending 
attractions at insensible distanoes, inclnding cokeeion and eapittarity ; the second, 
attractions at sensible, and often at immense distances, including gramtaiion, 

21. All attractiire ibroes, whether exerted between atoms or masses, dimin- 
ish in intensi^ as we veeede ftota the centres of the attracting molecules onr 
masses, and ob^ one general law of the attnuUve force being invertebf as the 
§q%»are9 of the diiamee$ bkumn ths attraeUng bodiee. Attraction is always mutual, 
and exerted by one body on another, eeeterispttrUmBf in the ratio of their masses. 
As an example of the general law of attraction, let us suppose that two bodies, 
▲ and b, mutually attract each other when at a certain ^stance with a force equal 
to 1, at double ^at distance this fbioe will be i instead of i of that when at 
a distance of 1, because the square of 2 is 4 ; at four times the distance, the 
force will be diminished to •j'^, and so on. In the following table the upperr 
line contains a series of figures representing the mutual distances of the at- 
tracting bodies, and the lower Hnea series of fractions representing the intens- 
ity of attractive force at those distances. 



Distance 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


&c. 


Intensity of 
attraotioii 


1 


i 


i 


1 
Iff 


1 

IS 


A 


1 
sv 


A 


1 

VT 


liff 


1 


ih 


rh 


&c. 



Mractkm at inseruibk dielancee. 



A. COHXSIOV AVn ADHXSIOir. 



22. Whenever two smooth surfaces are pressed together, a considerable re- 
sistance is experienced in attempting to separate them : this is owing to at- 
tractive force called cohetion, so termed from its causing bodies to cohere, or 
stick together. To observe ibe effects of this force advantageously, the sur- 
faces of the bodies pressed together should be absolutely smooth ; but as this 
is impossible, they should be i)olished and then smeared with a little oil to fill 
up any superficial inequalities: two plates of brass or glass thus prepared, and 
firmly pressed together with a screw«Uke motion, will cohere with such force, 
as to require a considerable weight to separate them. Two freshly-cut sur- 
faces of caoutchouc will, on being pressed together, cohere so tightly that it is 
scarcely possible to separate them ; and availing himself of this fact, the che- 
mist prex>are8 tubes c^ this valuable substance, applicable to numerous im- 
portant purposes in his manipulations. 
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NATURK OF ATTRACnVB FORCKfl. 



23. Cohc*ioa mkn piscp Doi onlj bnlwmn llis nrflKe* of Sotkla when 
fkienlly approKimalpil, but IxMwwn •oIhIs aud Uquidit tfaii vsriely of: 
ire Jbice luu boen Ktmed 




irhen nf- 1 
oram«t 



ir from one arm nta balanM, ■ ptale of Mpper, C,lw Risppndnl, 
fiilly couDlerpoised by wcighu ia tbe KBle mpemleil from ' 
of the beam, a very aliglit additional weighl will cause eitbei the plateorlht 
male to prcpoaderate; place a baiin. full of WHiei, a, under the plale c,ia 
TOch a manner llial ibe lallei nmy jud louch the lurliwe of the water ina ; n 
plBCJug weights io i, a very considetable reaiuance ia eiperienced to tite aept- 
nttioo of V IVom the fluid surface, owing to this cohesive attiactkm. Wkk 
a circular plate of Bmoolh oopper, prcteniing an area of 6'7& iocfaM, tb> 
weights required lo oiermraa the siuaciion of the metallic aiu&ca fix Itw 
water exceeded 1000 grains. 

94. The intrauily of this force, although constant, taitriM paribut, ibt A) 
tuae toVuU and liquids, varies cDDsiderabiy in diSemnt kinds of aolidi «r 
liquids; the following table rcpreseuts the comparative in tensity oT IliaiA 
heuve ntlrafiioD exercised between different metallic surGices and maettj, 
aeeoiding to the researches of Guyton and QueloleC 



Iin"""'d'?n!S™. 


Fonj.of.ahe.ionin 


IK.k al HelBl. 




Gold 


446 


Gold 


23-63 




439 


Silver 


aa-74 




418 






Lecd 


317 


Lead 


2104 


Bismuth 


312 


Bismuth 


19 71 


Zinc 


204 


riHdna 


14 98 




140 


Ziuo 


1081 


Antimony 


12G 




7-53 




115 






Cobalt 


S 







Gay-Lu3BBC BtiapendeJ a 
lowing table ; 



3iroular disk of ginss, 40 inehps in diameter, over 
icl oil of mrpenline. He found the force roqaiTfli 
die fluids vary cotuidetably, as shown in tbe Ibl- 



• uiFyton-Morveaa, In Kaauier'i Kxjieiiii 
t Quelelel, PosillouB de PhvBique,p. 104. 



RxjiMiinenulphya 



CAPILI.ABT ATTBACnOK. 



Water . . . 


. 1-000 


. 414-7 




. 0-8196 . 


. 477-4 




. o-sses . 


, SCSI 




. 0-9413 . 


, 56B-8 




. 0'S6»9 . 


. 983-6 



The foice which cause* the disks in these eipeiinients to adhere to the fluid, 
is identical with that which causes fluids to ascend in capillary tubes (^S)- 
The disk Bttnicls an infinite)]' thin lajer or the fluid on which it tests, and it 
m the molecolai attraction or Ihe mass of fluid fbi thii thin layer adhering lo 
■he plate, which causes the resistance opposed to r>Uing it from Ihe surracti 
of Ihe liquid sulmined to experioietic. 



35. If a plate or rad of any subatance be plnngsd into a flnid capable of 
inoistening it, as a plate of glass in 

water; the surikee of the fluid, i», in- FiK. 9. 

stead of remaiuing perfectly horizontal, 
will rise to s higher level at the sides 
of the plate, as shown by the dotted 

lines, as if the watei were attracted by . 

the glass, If the glass plate be slight- 
ly greased prior to immersion, or be 
plunged into a fluid incapable of moisi- 
aning it, as mar^ary, then a depression, 
instead of eleTBtim, will take place on 
either side of the plate. If a plats of 
ghss ■, be plunged into mercury, gd, 
this apparent lepttlskm will take place, 
and appeals to be owing less to any 
peculiar pr^xjt y of the fluid metal, ^-- 



Fig. 10. 



Fig. II. 



or mrasture adhering to the immersed 
solid, and preventing the actnat con- 
tact of the mercury with the glass. 

26. Those phenomena are best witnessed by immersing glass tubes of small 
diameter in water tinted with archill or ink ; the fluid will rapidly rise, attain- 
ing the greatest elevation ia the nanowest or most 
capillaiy tubes. Thus it will rise much higher in k 
thanin i,iii ■ than in c, fa.; this mode of attraction, 
evidently a modiflctition of the last described pheno- 
mena, is termed a^iUlarity (torn its being most ot>. 
vioiis in tubes of capilUiy or bair-hke bores. 

The hei^l attained by fluids in these tubes is con- 
stant, and increases inversely as the diatnetets of the 
tubes; it bears no evident ratio to the density or spe> __,„___^ 
ciflc gravity of the fluid employed in the experiment; 
for Muscbenbiilck* found that in tubes of equal diameter fluids n 
(jomparaiiTe heights shown in the Ibllowing table : 

• Diss, pbysic eiperinwnl. L. B., Vm. 
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Sulphotic BCLll 

Sulpburia etlier, raalainkig bIcdIioI 

Anhrdroui Blcohol . 

Bfdiocbloria aciU 

Nitria asitl 

Oil of tufpentino 

Diitilled water 

Solaiian of BiniKMiHi 

Soluiion of c 
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t'80 I 
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I into piny equally betwaen two pfataa iM- 
lie cnse of luW If Iwo plalea orglan,!!, 
louching at c, find sepnnited at ■, at a 'niij 
iniBll angle, beplungalinioatn)ugh,D,filM 

withcoloTRl water, Ihe fluid wiir, alter ariion 

between the plates, Btutiniog iha 

greatest elevation where the glassea ore ckumt 

approaimaied 1 and desrribing the cumid 

siirraco well known bei the hyperbola. Ths 

Biiim nltained by this Huid in 

ntent is one hatf of that nUA 

r taken place in tubes having Art 

between the plBles; and being always iD' 

lersed in a fluiJ, the allractivo force of iti 
e BssDined by the surface of the walFr,)n< 
s ow ing to the action of the fluid itwlf; for 
3 n cBplllary mho immersed in water, tb« 
of this lioltow cylinder causes thewUd 
lo assume the Foneave surHice ■; let it be ■> 
infinitely Ibin eolumn of water, perpemlicolai n 
the centre of this ciirve, and corresponding tolbo 
Hiis of the tube, and jt a bo a timilar coiutim tiT 
water connected by an imaginary ttansverso p(«- 
lion m; now, if no aiiraclion were exerted bI >, 
the two branches IB bt of this fluid rectangls 
would coiioletliolanco each other, ami no eleW' 
lion ensue ; hut the fluid surface at ■ being attiact- 
ed by the interior of the tube, the perpcndicuW 
preasnro of the fluid column it, at T, beoD 
lesa tlian that of ab al ■ ; accordingly, ab p«- 
iroiigh >T, ihe base of the column rr, and forcn 

live surface fitsl pioiiiiccd by lUi! 
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29. If a drop of water be placed in the wide end of a conical glass tube 
as at B, it will rapidly move towards the smaller end ▲.' The drop on being 
placed in, becomes bounded by two concave 
surfaces, of which that nearest the apex of the 
tube is the most curved; the drop, therefore, 
moves towards the apex in consequence of the 
attraction of the sides of the cone for the water ; 
being, according to Laplace, inversely as the ra- 
dius of the curve terminating the fluid column. 

Let ABD be a compound tube, consisting of a fine tube, having a capillary 
bore, inserted into a wider one. Let the latter be immersed 
in water; the fluid will rise to a certain elevation as £. Then 
let the whole tube be filled with water, and again immerse it, 
the fluid will fall to a certain point in the finer tube, as to x, 
and there remain suspended as perfectly as if the whole tube 
had been of the same diameter as the part ab. On refilling the 
tube, and immersing the end a, instead of s, in the water, the 
fluid will rapidly fall, and finally attain an elevation equal only 
to that produced if the whole tube had been of the same dia- 
meter as the wide portion, bd. This experiment proves most 
satisfactorily the accuracy of the law announced by Laplace, that 
it is the curve surface of the fiuid, and not the attraction of the 
whole interior surface of the tube^ which determines the eleva- 
tion of the fluid. 

It is a very remarkable fact, that capillary attraction is capable of opposing 
the evaporation of fluids under its influence. Fine tubes of glass, containing 
as much water as fliey could under the influence of this force retain, have ac- 
tually been suspended for months together in the summer's sun, without losing 
by evaporation any appreciable portion of their contents. 

30. By means of capillary attraction, oil is raised in the wicks of lamps, 
water in bibulous paper, cotton threads, or any porous substance immersed 
therein ; in fact, every phenomenon in which fluids insinuate themselves be- 
tween particles of solids at small distances are referable to this force. 

31. If^ instead of using water in the experiments just detailed, a fluid in- 
capable of moistening the surfaces of the solids immersed, be employed, the 
converse of the phenomena is observed, repulsion taking place instead of at- 
traction. Thus tubes, or glass plates immersed in mercury in their ordinary 
state, cause a depression instead of elevation (22) ; or, if water be used, and 
the tubes are greased or rubbed over with resin, or still better, lycopodium, 
the same thing occurs. In tubes thus circumstanced, the depressed sur£ice of 
the fluid always presents a convex instead of concave surface. This repulsion 
at small distances is well observed by rubbing the hand over with lycopodium, 
and immersing it in water; on withdrawing it, it will be found to be perfectly 
dry, not a drop of water adhering to it 

The following table shows the intensity of this capillary repulsion observed 
when glass tubes are immersed in mercury, after care has been taken by boil- 
ing the liquid metal in the tubes to expel all tlie air adhering to the surface 
of the latter. The amount of the depression of the mercury is always in the 
inverse ratio of the diameter of the tube. 
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nuiHUt nt Umi lube. Pipnmnaa of ib« m nt wi . 

0.60 inch. ...... OfH "•<*- 

0.50 0003 

0<5 0-0"5 

0.40 ...... 0.007 

0J5 aoio 

0.30 O.0H 

088 ...... ooao 

i).BO ...... ay»9 

10 ...... 0.04* 

0.10 O.O'O 

3S. Tbe adhesive attrBcikm (33} La not only cieitol between lifjuida ual 
•olidsibut U equally aoiivpbelwcen Uie Lnlipr and invisible gascB. Tluii SImi 
of air adhere by Tirtuo of their aitiaciive force lo ihe luifeces of mon tobia, 
■nd hocome very obfioas in gtosa iiibe» when mercury is puured jnio them: 
tbe fluid metal, iiuicad of closely and equally adhering to the inner RiEfKe 
of iho tube, will be separaled from il in ssTeral places by inlerpoaed bublik) 
of air, whicb adhere with Ihe uCimiM obttinacjr lo the glut. Thia ctunna 
form ofaltractioo is well shown in porotis bodies, as cork, pumice^lone, chap 
co<U,&n. WhcnalhtgrnentDfeiiheraflhen ia immersed in water, utd plasad 
Qodec tha receiver of an Bir.putnp, llie escape of torrents or bubbles of air OP 
exhausting the receiver (102) is vrry remarkable. Hie term abnnfliat a 
generally applied to this power of porous bodies in attracting gsaeB,andii 
remarkably intense in the case of fresihly-buml chnrconl. Tbu« one cubie iak 
of thia iubsUikce will readily absorb — 

BO cubic inches of amrnonia. 

8Q " liydmchloric acid. 

sn I phureiied hydrogen. 



35 
D.3 

7.5 



oxygon. 



hydrogen. 

All bodies in the stale of powder pcwscss this properly of absorbing air, irUA 
becomes obvious when they are immersed in water. Tolerably coaiM ina- 
filings will thus actually float in water, if carefully eiOed on its surface, faoig 
buoyed up by the adhering air, width appears like Utile globulcB of polnlial 
silver in the water. 

33. A class of phenomena referable lo capBlarili/ is Ibe Rppnrent atlRMililB 
ml repulsion of small bodies floating on water, wlien placed at small ifi» 
* ■' "" " IB of the bodies only be composed of a « 

capablo of bcioR moistened liy water, 
repulsion will occur. But if botli ore ii 
of being moistened, as two bntls of u 
tual Bliraction ensues. If llie lulls j 
wai, or cork, rubbed over with lycopodiumv 
resin, the water is repelled, and two deplW' 
skins in which the balls lie are produced. If 
they are then placed suflicienily near eid 
oilier, the repulsion of the opposed surfiMwef 
the balls eiened on the water ut r, will n ' 
its surface concave, and Ihe bnils, by the Is . 
pressure of the wnlet lieyond, will be pusM 
together, anil appear lo allracl each odier. In llic second case, if the ball • 



ts from each other. If or 
Fig. 10. 
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Fig. 17. 
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be of clean moistened cork and b of wax, the reverse takes place, the water 
being raised by attractiye force on all sides of the first, and repelled by b. 
Therefore, on the balls being placed in contact, they appear to repel each 
other in consequence of s attracting the fluid, which is repelled by s, the lat- 
tcr being incapable of b^ing moistened by the water. 

34. Closely allied to capillarity are the phenomena of endosmose, and ezos- 
mose, discovered by Dutrochet Whenever two liquids capable of being mixed 
widi each other of diflerent densities, are separated by a membranous or porous 
partition, two currents become established, one of a current of fluid proceeding 
from within to without, (exosmose, w and «0>/uec, impulse,) 
and another in the contrary direction, (endosmose, ix^or and 
aM-/ue(.) If a glass tube closed at one end with a piece of blad- 
der A, be partly filled with a solution of sugar, salt, &&, and 
immersed in a vessel filled with pure water to the same level ; 
the fluid will rapidly rise in the tube r, the water having en- 
tered through the bladder by endosmose, and adding to the 
contents of the tube cause the fluid to be elevated much above 
its former level. If, now, the conditions be reversed, syrup 
being placed in c, and water in b, exosmose will occur, by 
which the tube b will become nearly emptied. As a general 
rule, liable, ho\^ver, to several exceptions, it appears that fluids 
of less specific gravity have a tendency to pass through mem- 
branes and porous bodies, to mix with those of greater density, 
(provided they be miscible,) and consequently dilute them.* 

35. These phenomena admit of a very simple explanation (bunded on the 
capillary attraction or repulsion exerted by the porous diaphragm upon the 
fluids exposed to its influence. In the case of a piece of bladder, this is rea- 
dily moistened by water, but not by alcohol. Let the tube b be partly filled 
with alcohol, and then immersed in water. Endosmosis occurs and^the fluid 
rises in the tube. The first action in this case is the attraction of the mem- 
brane to the water, whilst it repels the alcohol. A portion of water perme^ 
ates the bladder, is immediately mixed with the alcohol, and is no longer at- 
tracted by the bladder. A fresh portion then enters^.fmd this continues until 
the alcohol is considerably diluted. 

The endosmosis or influx of fluid is always attended by an exosmosis or 
exudation of a certain portion of the liquid conflned fay the porous diaphragm. 
This may be illustrated by placing in the tube a solution of sulphate of iron, 
and immersing it in water. In a short time the solution will rise in the tube 
from the entrance of water ; and if then a few drops of tinctore of galls be 
added to the water in the external vessel, the purple color which is produced 
will satisfactorily prove that a portion of the solution of iron has really exuded 
through the membrane. 

36. Analogous phenomena are also exhibited by gases or aeriform fluids. 
Thus, if a glass phial full of air has a piece of thin bladder tied firmly over 
its mouth, and be then placed in a jar of carbonic acid, the latter will perme- 
ate the membrane and enter the phiaL The contents of the latter are con- 
sequently increased, the surface of the bladder becomes convex, and if suf- 
ficiently thin, will eventually burst It has been demonstrated by Professor 
Graham, who has most elaborately examined these phenomena, that gases 
difier in their tendency to difluse themselves through membranes or porous 
diaphragms. This tendency diminishes with the increase of density of the gas, 
being inversely proportional to this square root of the density. 

Thus, if the difiusive power of atmospheric air be assumed as unity, 

* Noar. Recherch. sur I'Endosmoie, &c., par M. Dutrochet Paris, 1828. 
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Hydiogen . 

If K long tube lie ctossd with a. plug or clrjr planer of paiu, inreTted in ■ 
enp ot wBier, and filial willi hydtngeii gB«, it will to npidty permeaia iIh 
plaaler (o dilfuie itseir in ibe air, hi tcr proiluco a lemporBry Tscuum in du 
tube. Waiet will cootequently rise in ^lo loiter, tuxl nttaia an elevstknof 
■ix or KTen incties in bj manj miiiuiea. 

37. The lendency or gue« thus to diiruse themselTe* among each oiIm^ il 

a propeny penicipated in by liquiLli. This is, buweveT, dm without aatp- 

lion, as somr, like oil and walei, uie iiot miacible with each ottur; 

Fi(. 18. and oihen, u ether biu! u-nter, are miauiUe but in small piT](>i» 

^ , lion*. In most csics of miscible Uuidt, an acluul penetnuioa of 

C-^M ''"' """ °^ """ ''"''' ^y '''° a'oms of ihe other seems to oom; 

>nf' and tlie miilure conso<iuBnlly occupies less bulli tlian tbfi Amd) 

did when lepamle. Thua. if two glau bulba j 

vilh water and the other with alcohol or lulphnr 

(• uented by meani of an air>iight tube c pataing from ooa to llu 

other, the fluids will min, and when the mutual dilfuBioa <a mil* 

ture is complete, will do longer till both bulbs. On allowing (be 

. I apparatuB to rest for a few minutes in a vertical positiixi, a span 

©unlillod by fluid will be observail ia tlie bulb i, in coOBeqneoM 
of the mixture baring benn accompanied by a diminution n 
volume. If ISO parts of alcobol be aildeil lo 100 of water, As 
miilure will measure but 1B6 parts; tlie same bulks of sulphuric aad aid 
water will, allcr mixture, measure but IBS parts. 
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38. When any subBlnnce, as a 
every one knows thai it rapidly 
Ihe coiling, nor inoie laterally tn 







Btoue,&e., ia petmilteil to fall IVom Ihe bnii 
renches the floor; and docs not rise towuib 
iwards ilje walls of die room. A stone bein| 
mere inanimale matler, and eonsequenilyd^ 
solutely inert (IS), iliis phenomenon cannot 
depenil upon any mnalc tendency to leaet 
the lower part of ihe room, as one of tks 
essential properties of tualtec is its uttK 
incapacity lo change its position, CoM^ 
quendy, the simple phenomenon of As fell- 
iiig of any body towards the earth mnst uiw 
from die exertion of an atlractiTO influsDES 
or force einaDaiing Horn the latter, snd id 
this the name of OnmdWiDn is applied hi 
consequence of its causing that offoct wbidi 
we recognize by the term ipeiglit: the weight 
of any Bubatnncjt l«>ing merely a measare of 
tho altraoiion of Iha earth for it. This fom 
of altmcliou is dotted not only at compan- 
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Fig. 20. 



tiyely small, but at vast distances : thus this force acts as effectnally on the planet 
Herschei at the distance of 1,800,000,000 miles as on the falling apple in which 
Newton is said first to have recognized its existence. If a mass of liead be 
8u^>ended to a string, it will, as every one knows, when left free to move, 
ix>int towards die earth: now the same thing occurs in India, in America, and 
at our antipodes; a fiict proving at once that the lead does not obey a natural 
tendency to fbU; for the plummets jlb (fig. 19) point in opposite directions, aa 
also do CD, according as they are situated at the opposite poles or at east and 
west; all pointing towards ^e centre b of the earth. 

39. Gravitation, in common with other attractive forces, obeys most strictly 
the general law already anmunced (21), its intensity being inversely as the 
squares of the distances of the gravitating bodies. Thus our moon, which is 
placed at a distance of sixty of the earth's semi-diameters from its centre, is 
attracted according to diis law with a force of 60X60:s3600 times less than 
bodies are on the surikce of our globe. The force of gmvitation must always 
be considered as acting from the centre of any body from which it emanates. 
From this circumstance it is theoretically impossible for two plumb lines 
freely suspended, to hang perfectly parallel. Let ▲ and b be two lines, each 
having a leaden ball suspended to it; they will 
point towards the centre c of the earth, and of 

- course, instead of being perfectly parallel, will form 
an angle with each other, which at small distances 
is so slight that it may be almost neglected in re- 

'ality, although it can never entirely vanish. In 
small distances, even to the extent of some hun- 
dreds of feet, the lines of gravity indicated by two 
plumb-lines may, on aocoimt of tlie magnitude of 
the semi-diameter of the ecurth, be regarded as 
parallel; but when these lines are some miles 

apart, their convergence roust be calculated according to the curvature of the 
earth *s surface ; this will amount to about one minute in a geographical mile, 
and consequently to one degree in sixty miles. 

Let ABCDo; be a section of the earth at the meridian 
of Paris, and ax its axis of rotation. Paris will be sim' 
ated at c, and a plumbline freely suspended there will 
point in the direction xcr. Dunkirk will be at d at an 
angular distance of 2^ 1 V Q" from Paris, and its plumb- 
line will coincide with mc. Barcelona will be at b at 
an angular distance of 7^ 28^ 29^' firom Paris, and a 
plumb line there will coincide with the line obc, form- 
ing an angle of 9^ 39^ SS'' with a similar plummet at 
Dunkirk.* 

40. The intensity of the attraction of gravitation varies, 
not only with the mutual distances of the attracting 
bodies, but also with the quantity of matter contained in 
them. In this way the great centre of our universe, the 
sun, from its enormous ^k, its mass being greater than 
that of all the planets taken together, is capable of attracting even the most 
remote, as Uranus and Neptune, although placed at the enormous distance of 
hundreds of millions of miles. This force being mutttally exerted between 
bodies, they always move to meet each other: hence when a book or a stone 
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* PoniUet, Elements de Physique. Paris, 1837, p. 68. 
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ftlU Uwanis the eutti, iha bulei ri 
inoit inflnitrlyaiiiall, becaua 
otffrif paribut, in tbo toiio of tbifi, 

ia Tuvoi uf tlie ronli would prBVenl iu moviog aa sppmriable d 
meet the lumo, whilst it would be eufficipni u enablo our globe to attnct the 
iMIer at B dlBiaiKe of htbisI millian* of milea. Ai n neceesaty oonaeqmct 
of thia mutual siuactioti. elevatnd builiiings and moualains might be eipeoted 
to gravitate lawarda cKch other, au effect prevonted by the superior atOK^iii 
of the eanh, which lendi to keep them on the baKs, and by the altiactioai 
■t iiucniible diHanoea which firmly bind their iniegrant portions u^edwL 
For whcoevcr gmviUition and coheeive or cHpilliu; attractiau are oi>pa«ed,lb( 
latter within the limits lo which Ihcy ate confined »te most eneri^tn, inaaiwd 
in the ascent of fluids in tubes (26) above their Itinnar level, and in oppoi- 
tion ID the previtBliTs attraction of the oorth. Slill lateral altiaclioii ia aniie^ 
lot Dr. Maskelyne, in a get of experitncnta perlbnned in 1773 neai the mCMB' 
tain SliebBilian in Scotland, fcund that a plummet was really drawn ftota ibs 
perpendiculai by ibe alttBctioa of the mountain lo the extent of 54". Tin 
nine thing look place in Ihe teseetchea of Ihe French aslrononiers, whiUl 
engHged in America in dclermining ilie tneasuteof the meridian; 
aources of fallacy, arising from Iho Inleial gtavilation of theii 
warda the surrounding mountains, op|io«ing ibemselves to tl .... 

their reBulIa. The lateral atlraclion of Chimbors^ Ihe lofbesl of the Andei 
although mucli diminished by ilio eiisieiun of an enormous vokaoic caviqf 
in iu ceniro, was found by M. Boiigucr to devinle a plumb-line 7" or 8" Aem 
Ihe perpend iculBi. The mutual aiintciion of bo.lieB free to move is beaulifBllT 
illuitrated in tlie celebniled Cavrndisli experiment,* whicli baa kalelj' been 
repealed by the late Mr. Franuis Bailey t In ibis noble oipeiintent (be M 
traction of a large mass of lead for a given mniis of ligbl mallflt wu rigidly 
determined, and thus by comparing the attraction of the mass of lead IbcIlM 
light boily with that of the earth, tlio mean density of Ihe latter waa dMw 
mioeil to be S'0747 times that of water. 

41, If no material obalacle inlerfcre to check or impede Ihe fall of bodid 
towards the earth, the attraction of the latter will cause them to move wiik 
equal degrees of velocity, so that nil boiliea blling (Vom tlie same elevstioaM 
the same instantwill reach ibe cnrth together. Daily experience appears, in- 
deed, opposed to this, as heavy bulies seem Iu fall with greater vekiiu^ thn 
lighter ones, and tliis on BUperDcial -Gasoning might be oxpectecl, as iitU>oliD> 
increases in proportion to Ihe masa of nintter. Thia objection v&niahee wt^ 
we recollect that, aa matter is iiuri, force is requireil lo lel it in motion, ui 
the guaiUily of inirlia Uing at llie qnanlily of mMtr (IU), it followa that if aa 
Btlracling force equal lo four is suHicient lo ilraw a quantity of mBiiet M)»t 
to 100 pounds to the earth, four times thai for™ will lie newssnty to draw 400 
pounds with Iho same velocity, for as Iho mass of matter increases, its renfl- 
ance to alter its state or position increases : a cunsoquoiiee newssariiy flowiM 
from the obsorvutions already maite on the inertia of mailer. Henoe all bodiM 
falling from Ihe aamo hoighl will occupy the same time in falling throHglli 
given space. 

42. The apparent exception in the case of an extremely light body, oi I 
feather, peper, gold leaf, &c., which, instead of tklling directly towarila the eulK 
floata in Ihe air and descends by D eircuiloiu route, adinila of ready explanatte 

• Phil. TrsnsnrliDTH, IJSS, n. 40(1. 
t Mem. Aiironoinie, Soc., vol. Ulh. 
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For this deyiation from the direct course arises iioin the 
resistance of the medium through which the hody moves, 
opposing itself to its direct downward motion. If this op- 
position on the part of the atmosphere be counteracted by 
compressing these light bodies into small bulks, as by roll- 
ing the paper or gold-leaf into a ball, then they will de- 
•oend with equal velocity with heavier bodies. This is 
well shown by placing a piece of metal and a feather on 
the little brass shelves a6, fixed at the top of a tall glass 
reoeiver. These shelves move on hinges, and are kept in 
a iK^izontal position by means of the brass key o ; on turn- 
ing this key, the slides give way and the metal and feather 
iali, the former reaching the plate d sooner than the latter. 
Replace them, and exhaust the air by means of an air- 
pump ; on now taming the key c, the feather and piece of 
metal will fitU, and be found to reach the bottom s, at the 
tame instant of time. 

43. The ascent of vapors, and balloons into the air, like that of light bodies, 
as corks in water, is produced by the attraction of gravitation. For this at- 
traction being greatest in proportion to the quantity of matter, the denser bodies, 
as the atmospheric air or water, are drawn forcibly downwards ; and those 
containing a less quantity of matter in a given bulk, as 
the balloon in the £)rmer case, and cork or wood in the 
latter, are forced to rise by the denser fluid bodies sink- 
ing beneath them. 

Let the vessel ▲ be filled with water, and a solid body 
as B, be placed in it; both the fluid and the body b will 
be attracted by the earth. If b be denser than the same 
bulk of water, it will be attracted by the earth and will 
sink; but if it be less dense than an equal bulk of water, 
the latter will obey the gravitative attraction of the earth, 
and B will be forced to rise to the surface. Thus the 
floating of light bodies in fluids of every description, is 
a direct and legitimate consequence of the law of gravitation. 

44. The spheroidal form of our earth, and of the planets of our system, ap- 
pears also to result from this law. For as attraction is equal at equal dis- 
tances, and emanates from the centres of the masses, we may conclude that 
the earth, when in a fluid or semi-fluid state, must necessarily have assumed 
the spherical form ; because no figure has every part of the line bounding its 
periphery equidistant from the centre, except a circle : which would have 
been the exact figure of a meridian section of the earth, if disturbing causes 
arising from its rapid rotation had not interfered (59). 

45. As weight is an acquired property of matter, and produced by an at- 
tractive force (38) emanating from the centre of our earth, it follows that a 
mass of matter would not appear so heavy on the top of a lofly mountain as 
on the earth's surface, because it will be there farther removed from the 
centre of the earth. And accordingly it is found that a mass of lead, weigh- 
ing 1000 pounds at the level of the sea, loses two pounds of its weight on 
being elevated four miles above the surface: and if carried to the surface of 
the moon, and thus be removed 240,000 miles from the earth, the attraction 
of the latter for it would not exceed five ounces. 

For this reason, bodies weigh heavier near the poles than at the equator, 
on account of the former being nearer the centre of the earth than the latter ; 
and If it were possible to place any body in a cavity at the centre of the earth, 
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46. A lillle refleclion on the nslui 
of a point in every aubaance, ai wl 
porUon will bo equally balanced ; 
means, will place iho whole body 
(Si), This poini is termed the ml 
apol where iho " 
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o^r gmvi ration will indicale the e 
eh the Btlraciion of the party Car evaj 
tad which, ir supported by tnecbankal 
1 a slate of slable and firm eqnilibcioa 
: □/ gravili/ or mlrt of iafrtta, u it is (be 
i inertiffi of the mass may be supposed to be cAncen. 
Hated. Lcl iB be a bar of any substance divided 
into seven imaginary pans, the dots in the eeun 
or each represctiting the cetilre of gravity oT eack 
portion. The attraction of iho eanh for e«!h of 
these parts may be leprpsented by a series of pa- 
rallel right lines, CDir, &c., and if each contpo- 
nent portion be of equal bulk and density, the ai- 
(raotionofllie earth for each will lteef|UBl, Under 
these ciicumstnnces, three lines of atttai^tive force 
of equal intensity are situated on each side of i; 
and if a sudiHi-nlly strong prop be file;) in tbeifi- 
"le whole body will bo supported. Tlw 
support Lr must be strong enough to resist the al- 
Ihc seven portions of Aa, reproeentoil by the wreo 
lines. wDicu attraction is of course equal to the iMigU of the bar (38). The 
spot in lliB contra of the portion i. of jib is called the avirt of grat^ o/ 
ti>A>Ji bar, and at tliis point lliealtmctive Ibrccof the ei ' 
lines CDiaas, may be supposed to be concentrated in t 
term, anlrta/paraUtl/orca (_lll>),it from its |>oi 
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Moit of defmnnring iht coUtw of jrotir/y af dig^rrtnlly fermtd boditt. 
AT. (A.) Tho coDira of gravity in a right line, composed of siinilnr jwrlicln 



er, is its middle imiat. In tlio lino ab, the jioin 
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The centre of gravity of a parallelogram is tlie 
g two of its sides intersect eaoli other. In tho llgi 


point w 




B litl 

nect 



liiiecting 

and CD by tlie lines it sh. The point s, where tliese lines interuecl, cone- 

■ponds to the centre of gravity. 

In a ttinogle, (fig. 27,) as lac, the centre of gravity is found by bisectni! 
AC, and «■ alDi,oounect dc and ■«; tho point s, whero these lines intersetfl, 
is the centre of graviTy of the figure. 

(C.) In any other figure bounded by right lines, the centre of gravity nur 
be found by dividing it into triangles, and finding tlie centreof gravity of eath, 
Thus, let ABCDI (fig. aS) be tl.e figure in cjuesliun, divide it into tl,e irianglH 
ABC, ABC, and Asn, And tlie centre of gravity of each in the manner alreaiiy 
described (41). Let nit be these centres. Then join a i,and bisect this liM 
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Fig. 27. 





Fig. 29. 



at dj in such a manner that the part db will heax the ratio to ad^ as the trian* 
gle ABC does to the triangle adc. The point d will thus be the centre of gra- 
Yitjr of the figure abcd. In like manner connect dio ehy the line ad^ and 
bisect this at f, in such a manner that a will bear the same proportion to ed 
as the sum of the triangles abc and acd does to the triangle adx, and e in the 
middle of the line cd, will be the centre of gravity of the whole figure. 

(D.) In a circle, the centre of gravity is in its geometric centre; and in an 
oval, at that point where its transverse and longitudinal diameters intersect. 

In all these cases the density of the matter composing the figures is sui>- 
posed to be uniform, and its thickness inappreciable. 

48. If a body be freely suspended by any iwint, 
it will remain at rest when a perpendicular line let 
ihll from that point passes through its centre of gra- 
vity. This law affords a ready mode of determining 
the centre of gravity of any body by experiment. 
For let AC BD be an irregular-shaped body, as a board 
freely suspended at a, a plumb-line abx hanging on 
the same support The attraction of the earth will 
cause the line ab to hang perpendicularly down- 
wards, and acting on the centre of gravity of acbd, 
will cause that to fall in some part of the figure cov- 
ered by this line ab, as at this point or centre all the 
efiect of gravitation may be supposed to be concen- 
trated (46). With a pencil draw a line ab on the 
board, and suspend it with the plumbline from 
another point, as o. The force of gravitation will 
now cause the board to assume a state of rest in 
another direction, still having the centre of gravity 
in the course of the vertical line described by the 
plumbline. Let this line be cd, and the point where 
AB bc intersect each other, corresponds to the cen- 
tre of gravity of the figure abcd. 

49. The centre of gravity is by no means ne- 
cessarily placed in the body itself; in a ring, for 
example, as ab, this point will be the centre c, 
and consequently in the space midway from every 
portion of the solid. 

50. If a body be not of uniform density, the 
centre of gravity is not situated in the places 
above described. In a homogeneous circular 
figure, it corresponds, as above stated, with tlie 
geometric centre ; but in one of unequal density 
in dificrent parts, it becomes eccentric, oflen considerably so. 




Fig. 30. 




TO NATURE OF ATTSACTirE FORCES. 

Lei ABC be nn indinwl planr, snJ a pblin ciroilar figure D>a be phcnl 

upon it; if ihia be compoMil of multer of equal deneily. B will be ilie centre 

ofgrBviif, Dnrl being allnuneU b; tlie eartli in the direction DC, lalling below 

Ihe poinl supported by ibo plane, the cinailar bmly wilt nreessarily roll down. 

Let the poniOD ■ of the figure use he 

Fig. 31. poMd of some denie mutter, ai le 

maining portion beioE of wood, aa alder; ihn 
B bulk of the laller, weighing 800 grunt, wiB 
tx>TTe!pood in size to a mav of iLe fbrma 
weighing ll,3SU grains: thoae niunbets, beinc 
in the ratio of the lespeclive specific giaviiiB 
orden-Hiiiea of ibe (wo bodies. Tlie atiractiaiof 
the earth will now act very differently on Iba 
drculuT figure n, for the centre of giBsitj will 
no longer be al the geometric centre, but il i 
. Gravitation will acton 




n Uie dire 






Fig. 32. 



Hpoint, the poinl i will obey this 
and the eircnhir figure D will mil up the incUnal 

plane ; remaining at rest when a line let fall from the centre of gravi^ ■ 

panes through tlie point nipponed by the plane. 

The analogoua phenomena of a double cone moving ap n double iucliaed 

plane, and of a bUliard ball moving up two iiwljned loils, adiiul of a aimilu 

explanaiion. 

SI. Nobodycanbeina flateof permanentequilibrium unleMB line.Mi^ 

from its centre of giavily, passes tliroiigh the point of support Thus in tba 
figure iicD, ■ represents the centre of gnmlf, 
and a line falling from thai pinnl pHisses tfarangb 
the base, which is supported by the cable ; Ibc 
figure ihcreforo stands safely. But place on iH 
nimmit another piece, Ani,llie centre of giaritj 
will be raised to ), anil as a perpendicular liw 
drawn fVorn that point falls beyond the TOppotV 
eil bate, the body necessarily falls. Hence tlM 
danger of loading wagons too high, and of build. 
ing walls, if necessarily inclineil, ino hrfly; ftt 
leaning towers of Pisa an<t Bologna may, am- 
itent apart, slatid forever, as long as a peiper 
dicular line drawn from tlieir cenlrea ofgiaviq' 
falls wiiliin the bases of the bnilJings. This* 
«.,&! the tower of Pi»l« 




indeed the case wilb both thes< 



SIS feel high, I 
Ihiii of Bologna 



'illi ai 




nclinntion of IS'4 feel from the perpendicular, and 
[ovation of 134 feel, has an inclination of but M ftrt. 
52. A body, unacted upon by other external (am 

when iu cemre of gravity is supported (AS). 

If the body bo circular, and B its centre of gravil;'. 
it will be in a state ofilabli or tieady tquiUbnumi 
supported byan axis passing through a, foraperpOfr 
dicular line produced from this point will ;M 
through tlio centre of gravily; and if the bodjta 
moved, it will, after a few oscillations, in whidi ■ 
will describe the circular arc cb6, recover itsfonna 
position. l{, then, Ibe aTisbe passed tlitough i,!!" 
body will be in a state of indifftrtnl eqmtibrvm; ft 
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the point of support corresponding with the centre of gravity, it will remain 
at rest in whatever position it be placed. lastly, if an axis be passed 
through c, the body will be in a state of unttable e^dKbrium, for it can only 
retain this position as long as a vertical line produced from b passes through 
c ; and as soon as the slightest deviation from this position occurs, on the 
application of the smallest force, the body will move round, until b falls under 
the point of support Thus, for a body to be in a state of tteady tquHihrmmf 
its centre of gravity must occupy the lowest possible point 

53. The stability of a suspended body, and consequently the resistance -it 
opposes to disturbance of its equilibrium, increase with the distance of its 
centre of gravity below the point of support Hence in die construction of 
very delicate balances, it is necessary for the centre of gravity to be but just 
.* below the point of support; otherwise so great a force would be required to 
disturb the equilibrium of the beam as to render its indications in the estima- 
tion of small weights nearly useless. 
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54. Iir the preceding chapters we have confined ourselves to the considenu 
^oa of matter in a state of rest; we have next to investigate the properties of 
matter in motion, constituting part of the science of Dynamics. 

By motion we understand the act by which a body changes its position. It 
has been divided into several species; thus a body is said to be in cibsohde 
motion when it is actually moving from one part of space to another, instanced 
in the movements of the planets ; and to be in a state of relative motion, when 
it is moving with respect to some one body and at rest with regard to another : 
thus a man standing in a sailing vessel is in motion with relation to the shore, 
and at rest in relation to the several parts of the ship ; in this case also bis 
motion is said to be common with that of the vesseL Besides these, there are 
some other divisions of motion which it is important to understand ; thus the 
motion of a body is uniform, when it passes over equal portions of space in 
equal times ; it is accelerated, when the successive portions of space passed 
over increase, when they diminish it is said to be retarded, and when this in- 
crease or decrease of motion is constant, the motion is said to be uniformly 
accelerated or retarded. The motion of any body is swifter or slower in propor- 
tion as the space passed over in a given time is greater or less. The degree 
of rapidity with which a body moves is termed its velocity, and is measured 
by the space passed over in a given time. 

65. In consequence of the inertia of all bodies (18), force must be applied 
to cause them to assume motion. If it be merely intended to cause the body 



r 



o more in the mrae boriionul ptnne which it jirevkmslr oeeiipied, the f- 
plied force mnH be tuRicinK to overcome Ihe innkie mistuue oTtbe badfn 
oaf allBtntion in posiiion, oi inenia, and the fTtrtioD oT the HipponiDg bedj. 
Bat ir it be jniended lo place the boilf on ■ hufher borizontal platie thu il 
previoualp occupied, the applied Tonre must be sufflcieat M overDonte alao Ilii 
BttntatOB of the earth, or Torce of ftravtijr (38). 

66. The aimplest principle* id vhicb the phenomena of motion oui be n> 
duced have l>ecn nnangod by Newton in the Ibna u( three axioms Oi hmj 
well known la the Newtoaian 1bw» of motton. 



It tiUnial fiira. 

TUi* law is ■ necessary tiHuequenee of the inertia of matter (18). Tin 
■econd part, however, referring lo B moving body never aiisnniiDg a tuu<i 
teat until acted upon by exlernal force, might at first be doubted; but a linJi 
reflection on the commonest phenomena ptesenteil by moving bodieiiril 
oipel this doubt, and demonstrate the truth of the Newtonian axiom. Ha 
very imrtia (S) which a body when at re«t oppons to any applied im 
which tends lo put it in motion, eqitally opposes its ooming lo a slate of lel 
when once in motion. Therefore, whenevet a body in tnotioa comes to i 
Mate of reit, we may mfely inlbr that some externa) force baa been eiemd 
to check its progress through space. The chief eilertial causes checking Ac 
motion of balies, are: I. Frittion. Ifa bell be ihmwn along a common teal, 
its motion from its encountering so many obalaclca, beoomes obsirucled, sndil 
toon stops; on a smooth bowling-green, there being leas friction, the bsB 
moves to a longer distaiKei and aiill fartbei on a stnoolli sheet of ice or1e>d 
{nvemenl, from the great diniinntioa of friction. 2. RtMUtatut of the atm^iiet 
This baa been already referred to us a powerful cause in checkitig rndbaij; il 
may be VDTjr salisGictoril)' proved by causing a wheel accurately balanced n 
rotate in air, and in the vacuum of nn airpump; it will be Ibund to conliriK 
in motianfiiramuch longertime in Ibe latter thanthe former. 3. Ormala^ 
This is by (hr the most important sonice nrf" opposition to the continuance of na- 
tion, Tot whedier a body be projactod veiiically upwards, or horizontally, 6k 
anraction of gravitation will ultimately cause it to stop and full lowardi As 

57, In consequence of the HM-fio of bodies causing Ihcm to persevere iacv 

lilineat motion, il is found thai, when revolving in a circle, they constantly » 

deavor 10 recede from Ihe centre. Tliisia lermalthecmfn/H^oiorcentre-flyiit 

fhrce. If a ball alBxeil lo a conl c, be made lo » 

Fig. 3*. volve rapidly in a circle, from a fixed point >,«> 

a centre, it will describe the circle abk. Ii; whiUt 

rapidly moving, the cord c lie cut wilb a sharp luufc, 

'' ■ ia of the ball will cause it to continue is 




motion, not, however, in a circle, but 


natighltlag 


corresponding to a lungenl to.lhe oji 


cular padt il 


described whilst the lino c was emir 


B. ThB.fblM 


which Gsuseil ± to fly off in the direi 


-lion of a tw 


gent is the anlri/ugal or ccnlre-Syi 


S force: aal 



the cord repreaents the direction of a cnttrM^ 
or centre-seeliing force. Thus, considering lfaetli^ 
da to be composed ofaniijfiniiy of planes, the W 
will tend lo follow die ditpcti.in of one of lb«« 
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BtrmtiuMnaa, ttUng place the inMant d>s A»os whioli blndi a to tbe oenCn is 
•varaamB, ihowi at OHM >lut tbe mntiUu^ motkiB u ths rMull of the lmd> 
enof which bodies posaera of moTing in rectilineal psthe, and i> cot awing 
to the developmeQt of anf new Ibice. 

fiS. We IBB megniflcent eiamples of diis ibica in the teTolutioii of the 
qthere* of oui nnlTeise. Heia the aatth and other planet* reTolTS lound iho 
■un eg a centre, with enormous Telocity, everywhere lending to mah off into 
'' infinite space in the direction of a tangent to their elliptic orbits, a stale of 
Ifainis of course equivalent Id universal desolation and deetruction, and pre- 
Tenled only by a powerfnl oetilripetal force. The latler is here represented 
by the gmvitative aimetion of Ihe sun, by whiab all the planets lend to grsvi- 
tate toward* his oentre. Equally balanced between these opposing ibrces, 
the elementB of om nniveise have revolved for myriads of ages around tlie 
great oentie of oar system, presenting a wtuidarful speolaide of infinite hai- 
mony and wisdom. 

59. On our own globe we have a remarkable inalanoe of the effects of this 
taroe, ftom its levolving on it* own axis at the rate of 13'9 miles in a minute. 
An energetio cenlrifugal ibroe becomes generated at the eqnator, by which 
portions of the earth tend to rush off into space; this is prevented by theoen- 
tripelal ibroe of gmvitation acting fn»n the centre of the eatlh. Still this haa 
not been without its influence, fO( at an early epoch, probably during a semi- 
fluid stale of oor globe, a consideiable bulging oat oocuired at the equator, and 
a eorraqmnding flattening at Ihe poles ; so that the equatorial diameter of the 
earth is n miles greater tSian its polar diameter. This alteiation in figure 
admits of an easy illuBtiation, by rapidly levolving 
two elastic irm hoops placed transversely. These are 
flxed to the iron axis at A, and are loose at a; on turn- 
ing the handle o, so as to revolve them rapidly, the 
roovabla ends d ihe hoops will rise half-way up the 
axis to B, and will bulge out at the sides. Thus tepre- 
•Bnting Uie figure of a hollow flatlenedjispheroid, so 
long as-the rapid motitm continues; when this ceases , 
Ab loose aada of the hoops will descend and regain 
their original Sgnie. On this aocount bodies weigh 
less at ihB equator than at Ihe poles: 1000 pounds 
M ibe latler Dorreaponding lo SQ5 at the equator, from 
ib» inoteased dialance fhim the centre of the earth 



Fig. 35. 
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e t? a sling; heaving the 
ig of drops of water from the 
wet revolving carriage wheel, or housemaid's mop; s 
ample* of this Ahos. 




60. Changi U 

Having, in the preceding obeerrationi, shown that all motion mnst result 
from the applioation of fbnie, we i>ow find that such motion will be propor- 
tinned to the foroe applied ; and thus, if a force equal to 2 piodncea a certain 
amount of motion, twice as much will be product Iiy a force of 4, and three 
times as much by a (btce of 6. If the direction of Ihe force be horizontal, 
the movement will be in that direction; and if oblique, the direction of lbs 
notioii will be equally so. The motion will be increased or diminished in 
llie same prt>[)ortion a« the applied force. Tlie full eflect of the (brce acting 
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flpger, be eiperii 



:iis law is K) obvious that a very Tew examples wiO h* 
s univernlity. If a pereon pteises a aume wilh U> 
I a reaiamnce arising fioiu the rcaciion of ihe atom pi» 
r preuure. A hoist drawing ■ lo«il rurwaidB,is palled badt- 
warda bj llie weighi to which he is ooonecled. A bird, id tho eot of djini^ 
strike* ihe eii downwards with its witiga, and produces a reaction suffickol 
to mpport itielf in the medium io wliich it lirn. In swininung, a man Mrihi 
Ihe water downwards, sod its reaction rises and causes bim to fioaL la 
firing a rifle, Ihe eiplodiog powder, which gives lo (ho ball its fatal velodlr, 
pttxlnces the recoil of the piece. 

62. This law is also Ihe cause of (he wcll-knou-n phenomenoo of tbe 
rftlcciMi a/ malvm. U any body, aa ■ marble, or any other (olerablf ria«il 
body, be ibrown against a fixed subslance, it strikes it wilh a oenain dcctes 
oTJirce, and the reaolion of the flieil body throws tbe ball back apun widi 
equal force, providing no opposing causes interfere. If Ihe bell be piojeeaBl 
in a direction perpendiculai H> tho plane of [he fixed body, the reaotita wB 
drive it buk in the direction of the path it described whilst sdvsucipg It- 
wards it{ but if it move obhquel;, tho teactioo will reflect it with an eqvl 
obliqiiiiy, but in an opposite direction. LM 
i be (ho moving body pndeoted in tbe di- 
rection ic BgBinii Ihe fixed obs(acle ■«; 
(be reaction of the latter will reQect the tall 
in tho diceclion cr, forming on angle withllw 
plane of (ho fixed body, equal to that Ibtawd 
during ils npproach (o c. The ttnglo tbnneil 
by the line xc with the perpendicular ec ii 
called the ongfc of incidtuct; aiui that 1^ lbs 
liiia FC wilh DC, is called the angk afn- 
is equal lo the angle err, we deduce the g«w- 
raw « alimyi npial lo llit angit of rrfttrion ,- a law 
nenl of ponderable, but uf impondemble matleii 
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(he angle 
heangliof 
ipplying not only to lljo n 
>■ light (Sflfl). 

63. From (he Newtonian laws of 
me force can only produce movetni 



Fig. 37. 



-^^ 



\. 



ve learn tha( the spplicatiaa «C 
iivemHiii HI a straight line ; and ihat two oc 
more forces are nocesspry lo produce ourrili- 

eS-!c\s resulting from Ihe simultaneous t^ 
lions of (wo or more forces on bodies fits 

Lei X be H ball of any subntance, acted 
upon by two equal forces in directions atrigtn 
angles (o each other; and let bcdk represent 
tho diiec(ionB in which Ihese forces wodd 
respeelive)? move the body i. It js obvioBi 
Ibai 1 cannot obey both these forces at lbs 
samo lime without sepamling into two poi- 
lions; i( therefore takes a path midway bs- 
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76 
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Fig. 39. 



tween tfaem in the direction of the dotted line ▲« ; which is tenned the 
remUtani of the two separate fbrces bc ss. 

If the two forces act on a, in directly opposite directions, the ball will of 
coarse remain at rest, providing the forces are equal ; bat if one kb f exceeds 
the other ses/, then the ball will obey the excess of force f— /, and will move 
in the direction in which w acts. 

64. When the forces are unequal, the resultant path of the ball may be 
readily determined. Let a, as before, be the ball, 
aeted upon by two forces at right angles to each 
other ; let ab represent the direction of one, and 
AC of the other force. Suppose that the force 
acting in the direction ab is equal to 3, and that 
in the direction ac to 2.. On the line ab, take off 
ftom a scale of equal parts the distance 3, and 
on AC the distance 2. Describe nx paraQel to ab, 
and BX parallel to ad ; then join ax, and this line 
will be the path taken by the ball a, and is the 
retukant of ^e two forces ab ab. 

65. When three or more forces act upon a body, their retuUant may be 
found in a similar manner ; for, having found the resultant of two forces,in the 
manner already described, adopt this for the side of a fresh parallelogram, the 
other being furnished by the line of direction of the third force. Thus, if a be 
acted upon by the forces ab, ab, ax ; find the 
resultant of ab, ad, in the usual manner, this 
will be the dotted line av ; then measuring on 
AX a distance equivalent to the force acting in 
that direction, draw xe parallel to af, and re to 
▲X. The diagonal of this parallelogram ab will 
be &e retultant line, in which the combined 
action of the three forces will ultimately act. 

66. In consequence of the reguUofUUne point- 
ing out tUb ultimate effect of all the forces exert- 
ed, all these cases aje termed examples of com' 
potiikm of farce, or motion; and each of the quad- 
rilateral figures described by the lines in the 
above diagrams, is termed a paralldogram of 

forces. G>nversely, as we obtain a composition of force by the simultaneous 
action of two forces in different directions, so we can, by what is termed the 
reeohdkm of force or motion, resolve or refer the production of certain rectilinear 
motions to ^e simultaneous exertions of two different effects. Thus, in the 
case already mentioned (62), when a moving ball strikes a fixed obstacle, 
neither being perfectly inelastic, the angles of reflexion and incidence are equal ; 
the reflexed motion df of a ball placed at c, aAer 
striking d, may be accounted for. For the force by 
vrhich the ball at c moves obliquely to d, may be 
resolved into two, one acting in the direction cxj 
parallel to the plane, and the other dk, perpendi- 
cular to it As both these forces are virtually in 
action when o strikes d, die reaction of the latter 
will develop both, and tend, the one to move the 
ball in the direction db, the other in the direction 
DX. It being impossible for the ball to obey both 
forces simultaneously, it follows the resultant line 
DF, which forms, with x, an angle equal to that of 
CDX, in accordance with the general law. 
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67. ir a peTrcctl)* cUutio liodjr impinge upon ■ hard knd flssd pluw cb' 

liqaelf, il will be reflecieil rromiiiu >ucli ■ maiiner, ibal the anelea otnBet- 

ion Slid iociileuce will be precisely equal. ■« bai b«en alrBadf dsnuMMnud 

(Oi). Bui if both tbe ftnbiiiB boly and fixed pluw be perfectlr hard (IS) 

and iaelaatkt, then, aAei iu oblique JncidVw 

Fig. 41. the body will not be reflected, but wiU mo** 

■Jong the plane. 

Lei thB be ibe plajie, and ct> rt^ireeenl At 
patb o[ the inOTinK body; diaw «s pwpcodi- 
cular, and CI panllel lo IB, It is obTioMi^ Aat 
OD may be resolved (6G) into iha Iwo fcnn 
CI c^, aa in (be can of collUkin of eliMie W 
dies (6S) ; the motioti CL i« empkqrod in vmnr- 
ing Ibe body directly lowarde the plane, whiii^ 
being perrtcily bBid,*ni)iliilBUte tliie direct no- 
tion. The othft motion ci is empkigred is 
carrying ibc body in a direction paiailel *> Ifn 
plaiie, and of course uill nol be desiruyed by the imped; and do fbroe eii» 
tag lo aeparate, or ntflect tUe body from the plnite, it will move eloeg it ia 



68. In the reeolulion of forces, the whole amount of force exerted is neees- 
aarily iocreaied. For in Ibe last example, Ibe foico which propels the lail 
from c to D ia resolved into ca, (D, which logetbcr are greater ihao s>; Sh 
estiniBtod effects of forces, however, do nol become affected by either csapo- 
■ilion or renlulion when enimatal in given direciions. {WmhTi MtdL, 86.] 

69. Ulusttalions of the action of one force on a body are loo familiar to le- 
qnire notice; of two force!, we have an example in a boot lending to be cm- 
ried westward by the tide, whilst the boatman, by the aid of hU oora, aUefn|Mi 
lo direct its course northward ; supposing both Iheoe ibtces lo be eqinU is 
inlenaity, the boat proceeds in the diieclion of the diagonal of a pnntllelograia, 
two of whose sides represent the direction of ibese foroea, or north'wesL A 
■team-vessel, whose paddles tend to propel the vessel northwanl, whilst i1k 
wind blows eastward, and the tide running in a third direction, iltusitalesthi 
appliontion of these forces; Ibr ihe vessel, not being able to obey all ■iatt 
Ibroes simullBQoouely, sada on her way in the direction of a leaultant litMOf 
the whole. 

TO. When forces of equal intensities act on bodies free lo move, they caoM 
tha latter lo move with velocities, which ere io Ihe inverse ratio of tbeii 
manes, ot quantity of matter composing ihem. So that if equal chalet of 
exploding powder be made lo act upon bullets, whose volumes, supposing ihem 
U be of equal density, are as 1, 2, 3, 4, 5, 6, he., it will cause tliem to men 
with Telocity varying reciprocally aa the numbej-s 1, J, \, i. \, j, &c., so ihM 
the bullet whose volume is equal to S, will bo propelled with a velocilj DOS' 
fifth of ihul with which one whose volume ia equal to 1 is projected. Hence 
ibr an equal force, the masses of the projectile multiplied by the velocity, give) 
the same number, and this is termed tbu qitantHyaJ fnolton,- Buda foroe doubli 
or triple tliat of any other, will producn two or three times the qinuitilj of 
movement From these facts the following laws have been deduced. 

(A.) Forces are lo each other as the quantities of motion they produce, a 
as Ihe masses multiplied by the velocities. 

(B.) For equal mosses, the fbniea are to each other as Ihe velocitka Oq 
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(C.) For equal yelodties, the fbroes are to eaxsb. other as the masses on 
which they act 

71. All bodies, when moving either under the influence of attraction or any 
impressed force, oppose a much more considerable resistance to their being 
stopped, and strike an opposing obstacle with a much greater degree of vio- 
lenoe than their mere inertia (18) will account for. This arises from the 
impetus acquired by the moving body during its passage— it is termed moment' 
urn, which, velocities being equal, increases in the ratio of the mass of matter, 
and in the ratio of the velocities when the masses are equal. Consequently, 
the momentum of any moving body is found by multiplying its mass by its 
Telocity. A light body will, by having its velocity, and therefore its moment- 
um, increased, strike an obstacle with as mudi force as a heavier one ani- 
mated with a slower motion. A cannon ball, of 3 pounds weight, possessing 
a velocity of 300 feet in a second, will possess as much momentum, and strike 
any opposing substance with as much force, as one of 30 pounds moving at 
the rate of 30 feet per second, for 300 x 3 = 30 x 30. 

This &ct explains why large masses of loaded ships or icebergs, although 
moving but slowly, are capaUe of exerting such enormous force upon bodies 
with which they come in contact, and, on the other hand, shows to what cause, 
the ball projected from a musket, notwithstanding its infinitely smaller bulk, 
owes its destructive powers. 

73. The force with which one moving body strikes another, is termed per- 
cussion, or collision: and is the same with momentum (71). When two 
moving bodies come in contact, their collision is said to be direct^ when a right 
line connecting their centres of gravity passes through the point of impact. 
In speaking of the collision of bodies, a substance is said to be perfectly hard, 
when it is utterly impossible by the force applied to separate or alter the posi- 
tion of its particles. 

When the collision of two perfectly hard bodies is direct, they will, afler 
impact, either remain at rest or move on uniformly together. Let Uiese bodies 
be called ▲ and b, and let ▲ overtake b, both moving in the same direction, 
then ▲ will continue to accelerate b, and b to impede ▲, until both have ac- 
quired the same velocity, after whidi they will move on imiformly together. 
But if they move in opposite directions, and their momenta (71) be equal, 
they will mutually stop each other, and attain a state of rest after collision. 
If l^e force of ▲ is greater than that of b, the whole velocity of b will be de- 
stroyed, and as some of the motive force of a will still continue, it will act on 
B, until both, as in the first case, move on uniformly together. In both cases, 
the common velocity of ▲ and b, aftor collision, may be found by dividing the 
whole momentum before impact (estimated in the direction of either motion) 
by the sum of the masses of matter. 

73. When collision takes place between perfectly elastic (17) bodies, the 
velocity gained by the body struck and that lost by the striking body, will be 
twice as great as if tlie bodies were perfectly hard and inelastic. On impact 
first taking place, the same state of things occurs as in the case of collision of 
perfectly hard bodies; and as soon as one body has produced the full effest of 
colliskm on the other, they both become compressed by the blow, and, re- 
covering their former shape in consequence of their perfect elasticity, react 
on each other ; each body receiving an impulse, equal to that which caused 
its compression. 

74. When two perfectly elastic balls of equal bulk move toMrards each 
other in a direct line, they will, after collision, recoil with inverse velocities. 
If moving in the same direction, but with different velocities, the slowest ball 
first, then the swiftest will overtake it, and after collision, they will both con- 
tinue to travel on, but with inverted velocities; the ball which traveled swift- 

T 
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the blow, 
la. If B 



Mt before oollkkin, vill toae, and llie olhrr pin, vtioatr- laMly, what u 
eliuiic bodyBlrikcs ngsinsi another ^luallr eluiic, but «t rest, ii will.&hn Ml- 
liiiiin, become italkmBry, the latter moTing on wiifa the Telociif of the im- 
pinging bod J. 

73. Badie« pomauDg bat imperfivt elaaticily. u toft nbatance*, oppon 
nuie effectuaily ihaa tJij otliera Ihc moinenlB of bodiea in motion, in OMW- 
qnenoe of iheir yielding, in a grealei or leu degree, to the force of orilison 
without resciing upon it ; and thui opposing to the ihock of the movinj; bodf, 
■ gradusl lesismnn iiHIoul of a tuJdon one, a* it) llie caae of perfeetlj bnl 
RibetBnoe*. Thus they receii't<,Bi it were, the fon» of momcDiam, in leTCid 
inManta of time, initcad of but ont, and lenen the itnpettis of the riMk, 
Uenoe a feather bod or nek of wool will stop a buIlM much more ebolDBllJ> 
' tioD, iVom ita dtadniitg, as it is popttlarlf termed, the fbn» il 

as of equal ipherei of Kune elastic gubMame, as ivorf or MH 

-. ,„ bp nispendcd bjr Ihreada, a* A.ae, tci 

**' fiom the bat m, and one of ibein. u 

1, be railed into the poulioa E, and it 

lowed to fall, it will Birike agaiiM ■ 

with a momentutn proponicmed to Im 

volociiy (71), without, howeVBr.roOTinl 

in any (dif ioua manner this, or Ae in- 

lermeitiate balls. But s, the laat Ul io 

the scrip*, will »tart into motion, and, 

all opposing forces being remorsil, rin 

■levation a.equal to that of e, w 

)o angles Kxx and bmb will be 




the terminal bolls i 

perfectly as if the intermediate bnlls were absent, until, from frictioa anJ other 
causes, they ceaae tomovo. This carious phenomenon arises from ibe neatly 
perfect elaaiiciiy of the bells, for when t striltei B, the latter becomes txna- 
pressed (IT), and almost instantly recovering its former figure, reaclii on c; 
Ibia tindergoes n change in its turn, and teacts on d, tie, until tlie last ball « 
is acted on, which, having no one to oppose, obeys the force and cepaiatci 
inxn the rest, forming a determinate angle smb. 

If a number of ivory balls, inslead of being suspemW,be placed on a table, 
■O that their oenlrcs lie in the same riebt iino ; and one of ihejn *, being se- 
parated from the rest, be propelled towards a wiili a certain degree of final, 
the terminal ball g will more off with a corresponding degree of momaDlBia 
(all opposing forces apart) ; and gains the Kilxulion a, the intermediate sphnei 
beitig unaSected, exoept in the imperceptible manner just described. 

77. We have alreiuly learnt that the coneiiluent atoms of bodies are Data- 
rally in a slate of equilibrium. This state can be by means of an applied 
ibrce disluibod; and if the disturbing force be not so intense as to prodtm 
iltsruption, the atoms soon icoovei their natural ponlion. This restoration cf 
equilibrium does not, however, occiu at ooce and suddenly, but by a series cT 
alternating movements, by which the atoms are n]>pruxiniHied and separalsd 
rapealedly, until at length they altain a stale of rest in their normal poailioii. 
Suoh motions are of high imponance, and are known by the nantes of vibn- 
lions, waves, undulations, ot oscillations, aooording to the particular oiraun- 
staooes uniler which they are produced. 

The effects of these molecular moyeraents are readily observed by Bxinf 
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^stiopieoe of steeil to a support tct one end, leavfaig the Fig. 43. 
-odwr free. The lod sbovna at rest is perfectly- vertical ; on Bp« 
plying fbtoe to draw it on one side, and then removing the 
'huid, it will fly back, not to its original rectilinear position, but 
will go beycmd this considerably, becoming curved in the op- 
'ponte direction; dieee series of vibrdiionM each decreasing in mag- 
•nitiide, as diown by the dotted carves in the figure, will con- 
tiDue fot some time, and at length they will cease, and the rod 
once more be left in its original vertical position. A little re- 
flection will show that, during these series of movements, the 
constituent atoms of the rod must have been alternately sepa- 
rated and approzimJEited, according as one or other of the sides of the steel 
became convex or concave (12). 

78. Vibratory motion may be successively communicated to every part of a 

body, or be participated in by every part at once. To illustrate the former 

-ot tiiesa conditions, fix one end of a rope to a support b, grasping the other 

-end in the hand; on giving it a sharp jerk, tlie end nearest the hand will 
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assume the curve shown by the dotted line ac. On carefully watching the 
rope, this curved motion will be observed to be propagated tlirough its whole 
length up to B, as shown in the following figures. 

Fig. 45. 




79. As soon as the vibration or wave reaches the fixed end of the rope, it 
is reflected back to a, so as to reach it in the opposite phaae to that in which 
it left it, as shown below, in which the entire line indicates the course of the 
primary vibration propagated from ▲ to b, and the dotted lines the reflected 
vibration from b to ▲• These motions ultimately cease from the influences 

Fig. 46. 




of opposing causes, and the rope obtains a state of rest. On looking intently 
on a rope thus moving, it is almost difficult to believe that the particles of the 
it)pe do not really move from one end to the other. A moment's reflection 
shows this to be impossible, and teaches us that this optical delusion (for such 
it is) is merely owing to a propagation of motion from one particle to another, 
mmich. atCMn obtaining a atateof rest as soon as it has given up its motion to the 
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atom in advance of it, in a manner analogcras to the piopagBtioii of motiai 
through a series of electric bells (76). The particolar kind of yifantioii ilte 
trated in the rope is termed progrestive, because it is propagated from one tai 
of the rope to the other, a considerable portion of it being in a state of Ml 
whilst part only is in motion. 

80. Vibrations are termed stationary when every part of the body iflniBMi 
motion at the same time, as when a rope is fixed at ab, and being diawBM 



Fig. 47. 





its middle from the rectilinear position, ultimately recovers it, after pertbranng 
a series of vibrations in which every atom of the n^ simultaneoosly paitioh 
pates. 

81. One remarkable universal law governs all these movements, that M 
matter what their magnitude, they are always itochronout, that is, perftm 
their journey on either side of the normal position of the body in equal tiDiML 
In this they resemble the movements of the pendulum (104), the force of efaM* 
ticity (17), however, governing the motions now under consideration, whibt 
that of gravity (108) regulates those of the latter. 

82. In every complete vibration or entire wave, the following parts ae 



recognized : a, e, 



6, </, c, the whole vibration or wave. 



Fig. 48. 



ai 



ah c the length of the wave. 

ae b the phase of elevation of the wave. 

b d c the phase of depression of the wave. 

e f the height of the wave. 

g d the depth of the wave. 



Some bodies will, in consequence of their natural elasticity, readily assinne 
these motions ; others are made sufficiently elastic by artificially hardening 
them, as in tlie tempering of iron and steel ; or by tension, as by stretdung 
cords and membrane, as in the strings of a harp or the head of a drwn. 

83. When a body is made to assume a series of stationary vibrations (80), 
the points where the phases of elevation and depression intersect, are alwifs 
at rest. Thus in the cord ab, which has been made to assume a series of 
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stationary vibrations, the parts marked n will be in a state of rest, and pifloei 
of paper resting upon them will be undisturbed ; whilst if placed on tbt io* 
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- ternwdiBte portions, would be thrown off immediilelr. TheM points bio 
•ailed nodal poinU. Whon k plata is made lo vibrate, those Dodal points of 
n«t always exist, and ma; be easily detected (248). The coooBption of the 
•sineoce of such points in b pints may be fiuililated by assuming it lo be 
made Dp of a series of iineai portions, eadi peMbmiing independent uationary 



With the ditniiiiahed length of the rod, in such a manner as to £^ 50. 
be peifbnned With a rapidity inversely as the gquare of their 
IMgih. Thus, if a' rod twelve inches long perrotm three vi- 
bations in a second, it will, if shortened lo one-bntr, perfontt 
twelve vihra^ana,aiulif of but three inches in length, tlurty-two 
in the same time. 

69. Bods, when vibrating, do not perform their movements 
Jo Ae same plane, but in paths cMrespondiDg to very complex 
urveib This may be beautifully seen by a conlrivaace of 
Piofeesor WheatsUnia, made by filing a silvwed glass bead, a, 
. on the top of a steel wire, a. On making this wire vibrate, 
A« onrved path of its movements (S3S) wilt be visibte by the 
im>tion> of the little spot of £ght lefleMed &om the surbce of 
tbehead. (~^ 

86. Vilvationl are perfcumed either transversely or longilu- .^k — ^ 
^Unally with regard to the axis of the body. The fbrmei may — 

be illuatrated by fixing a wire to s proper support At, and drawing it at iti 
(Diddle out of ils stmigbt position ; the vibrations shown ly the dotted line* aM 
o the axis of the wire. 
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Fix a weight b to one «id of a pnqwrly^uspended piece of brass wire e% 
ooilad into a looee helix. If the weight be raised to o, and than allowed lo 
All, it will advame and tecede to and from >, the wire pertbiming a series of 
longitudinal vibnitiMie, 
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OrmUation, 87. Fara of gFiails, 88— moliimto/iorfio ^,8 
CMMM, ea, M. Ratatoni mowMnU of bodia, BT— 100. C 
101, 103. PmihifHm, 103. Indmmitm, 104—108 — ftrngth of, 107— UL 
Cnttv a^oKiflaftDK, 113. Gridiro» pnAJim, 114. 

87. AaDKS the Torces which are the mMt en^rgelic in ptodncing n 
Ihe nurace or our globe i« iLe aiiraciion of graTiution (38); thi* feiDB, «W< 
Bcting DO hoiliciundpriui inSuence, and approBL-hing ihe eBnli,U a mdftn ~ 
nccelomting ToriM), becoming u unilbrmljr rcmrdiag on bodiee Taaeding fi 
tbe eatth. So that a Uxly scteil upon by it, pauea through difieroat poniaRl 
of ■pare in diflerenl limes, and, whilst approaching the MUth, wo<^ Mill 
jnglanl pasa through a gmiler >paca than thai which it usversed in tha pit- 
coding innanl of lime. If a ball be let lall from the hand, it cwi be nadil; 
oaugbt during tbe first Tew inchei or its path, but io Tetocily aflerwardi » 
lapidlj iDcreaSGB, thai it cannot be loceicepled b; the most agile aim wiOool 
diffloulty. Even \I ihe descending body lall obliquely, still the same npd 
inerease of volociljr is perceived ; this is well illuslraled by the fal ling of bodia 
down Keep descents, or long inclinod planes ; for the first Tew yards the maa 
itppeata to move slowly; rapidly, however, it increases in voloctiy, aod,ii 
well illuBirated by tbe fall of a granite block from an alpine cidge of ruck, « 
of the more terrific avalanclio acted upon by ibe increasing inteimty ofgnn- 
talioD, it acquires such a momemum (71) as to eriable i~ 
sirtance of almost any obatacle il eneonniers. 

88. A body lell free to move, and acted upon directly by the Ibice ofgrsTJ- 
lalion, all opposing forces boing esrluded, will Ikll in the latitude of Grent 
wioh at the rate of 16'O0S4 feet in a second of time, acrjniting by tbismain 
a velocity of 32'19UH feet, or 3B6-2S9S inches per second. This vekici?, 
expressed In numbers, is termed the foret of gravtly. The spaoe traTerasd b^ 
a falling body in a second, is hence very nearly equal to IB feet 1 inch; wliidi 
is sufficiently correct Ibr ordinary calculations, and to enable us to avoid ded- 
mate, which are very inoonvenieni, unless we use iogaritbins U 
number of figures. 

80. When a body sufficiently dense and coinpacl to permit us to disrs^ 
tbe opposition of the medium traversed by il, ia acted on by Kravilatioii, itil 
Ibund that lla tpaca dttcribrd by the filing body iHcreatt us th* igmam iftn 
lima iiuniui ,■ thus culling 16^ feet ==/] wo find that in 

2 seconds (2*= 4)— 1= 3/, in id second of tima. 

3 : (3^ »)— 4= S/ in 3d ditto. 

4 (41=18)- 9™ 7/, in 4tb ditla 
9 : (5>_sa)— 16= g/, in Sth ditto, 
fl (6^336)— 25=11/, in Bib ditto. 

Therefore in 1,3, 3, 4, 5, jic. seconds, tlie spaces traversed by a falliagboilf 
are equal to/, X "le odd numbers 3, 8, 7, 9, La., respectively. 

Thus, by knowing tbe time occupied by the falling of any dense body </ 
■mall bulk, Ihe spaoe traversed by it can be readily calculated. If a bolM 
lalling from a certain height [eschea the earth in 3 aecoiids, we know that 
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in 1 second it traversed 16 ft. 1 in. 

— ^2 seconds •• 16'1x3=bs48 3 
—3 seconds •• 16*lx^>*=80 5 



144 9; 

i^ODsequently the space traversed by^ it, is equal to 144 feet 9 inches. This 
and similar questions can be more readily determined by means of the for- 
mulsB for uniformly accelerated motion. 

g toeing equal to 32*1998 feet (88). 
As an ezamplis of this formula, suppose we wish to know the space passed 
through by a body occupying 23 seconds in its descent, then by logarithms. 

log. 23' a=r 2-72346 
log. g = 1.50773 

4-23119 
log. 2 ss -30103 



3-93016 
which is the logarithm of 8514*6 feet, the space traversed in 23'' by the body. 
90. A still simpler formula may be adopted, and the calculations more easily 
eflfected, by squaring the time in which, the falling body passes through any 
■pace, and multiplying this product by the space passed through in a second 
c^ time. This formula expressed algebraically, calling the spajae passed 
through in a second or 16^»y It ^/, is/i?; this, applied to the last question of 
a body occupying 23 seconds in its descent, is 

33x23x529, and 629 X 16*0954=8514-4666 feet; 
or by logarithms, 

log. 23 X 23 =2-72346 
log./or 16.0954=1*20670 

3*93016 equal to 8514*6 feet 



In this manner the height of any lofty building or depth of a well or shaft 
may be determined; for by letting fall a pebble from the top of the one, or 
into the mouth of the other, and noting the number of seconds which elapse 
before the sound of its striking the ground or water is heard ; then — on squar- 
ing this number of seconds, and multiplying the product by 16^ feet, or, more 
accurately, by 16*0954 feet, the height of the building or distance of the water 
ftom the mouth of the well may be discovered. This process is of course 
open to the error arising from the time required for the sound produced by 
the pebble striking against the ground or water to reach the ear (116); and 
consequently the calculated length of the path of the pebble will be some- 
what greater than the truth. 

91. Also, knowing the time required for the fhll of any.body through a 
given space, we can readily discover the velocity with which it moves ; and 
by knowing its velocity, we can of course ascertain the time required for its 
fall through any given space. The following three formulse will be sufficient 
to answer every question connected with this subject; v being the velocity pf 
the falling Ijody, t the time of its descent, g the velocity acquired by the body 
after moving for a second of time, and t the space passed through in the time 
1(88). 
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92. When a body is acted upon by some projectile force independently of tbe 
attraction of gravitation, &e motion it assumes is a oonjpound one, produced 
under tbe cpm^bined influence of the projectile force, a momentaiy one, and 
the gravitatiT« force which is permanent If a body, instead of being acted 
upon by gravitation alone, be forcibly prof ected downwards with a given TtHO' 
city per second ; this is to be taken into account, and being expressed in Aet, 
and multiplied by the number of seconds, the product is to be added to the 
space, also expressed in feet, which the body would hava traversed in tbe 
same time, if acted upon by the force of gravitation alone. If, on the con- 
trary, the body be projected perpendicularly upwards, its course being opposed 
to the attraction of gravitation, instead of being addtd^ the effect of the latter is 
to be subtracted from the space passed through by the projectile^ if acted 
upon by the force of projection only. The following examples will ilinttiate 
these remarks : 

(A.) To what height will a body rise in 3 seconds if projected upwaidi 
with a velocity of 1000 feet per second? 

The space described by a force of projection only will be 100X3 ess 300 
Space through which the body would fall if acted upon 

by gravitation alone during that time (89) aes 144*75 

19545 

And the height attained will be but 155*25 feet 
' (B.) Where will a body, projected peipendioularly apwards, with a ydkxitf 
of 80 feet per second, be in 6 seconds? 

By force of projection alone, 80X6 =s 480 

. . gravitation alone, 16*0954 X 36 a 579*4344, and 480^579-4344» 
=. — 99-4344. 
The body will therefore be nearly 99*5 feet lower at the end of 6 seooodi^ 
than the spot from whence it was first projected; providing no mecbankal 
obstacle be present to prevent this taking place. 

(C.) What space will a body pass through in 4 seconds, if projected Terti- 
cally downwards with a velocity of 30 feet per second? 

Then by force of projection abne, 30x4 = 120 • 

. . gravitation alone, 160954 X 16 =x 257*5264 and 257*5264 4- 120 v 
377*5264 feet 
The body will consequently pass through rather more than 377*5 feet in 
fi>ur seconds. ^ 

93. If a body be projected in any other direction than Yertioally npwwtis 
or downwards, and consequently in a course oblique to that of gravitation, it 
will not follow the exact direction of either of these forces, but will take a 
resultant course proportioned to both the forces (63). This result can never 
be a right line, as it will vary every instant on account of the unequal intent* 
ity of the earth's attraction at different distances, consequently the path de> 
scribed by the body will be the curve called the parabola. If a body be pio- 
jected exactly l\orizontally, it will describe half a parabola, its vertex exactly 
corresponding to the point of projection. The position of this vertex 'vaiying 
according to the direction of projection from a horizontal line. 

When bodies move with considerable velocities through the air, the resiit* 
ance of this medium interferes in an astonishing manner with the legulariiy 
of the parabolic path, which would otherwise be described by the prajeotilSL 
Thus a 24-pound shot discharged at an elevation of 45® with a Yelooity of 
2,000 feet per second, would in vacuo reach the horizontal distance of 129yOOO 
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feet, bat the resistance of the air limits its range to 7,300 feet Tbns let 
a body placed at ▲ be projected in the direction ak. Draw ab perpendicular 
to the horizon ; then let ax be the space over which the velocity of projection 
^rill carry the body in a given space of time, and ab the distance it would 
traverse in the same time when acted upon by gravitation alone ; now draw 
■o parallel to ak, and xc to ab completing the parallelogram (63). Then, 
in consequence of the opposed action of these 
two forces, the body will be found at the end of 
the given time at o instead of x, having described 
the parabolic curve ac, which is the resultant of 
the two ibrces (64) of projection ax and of gra« 
vitatioQ AB. The line ax, representing the di- 
rection in which the force of projection alone 
would have carried the body, is a tangent to 
this parabolic curve, being parallel to the ordi- 
nate BC. 

A bullet projected from a gun, a ball from the 
hand, the stone from a sling, the arrow /h)m a 
bow, &c^ all describe parabolic curves when 
projected under the conditions already referred 
to, being ultimately brought to the ground by the 
all-powerful force of gravitation. 

94-. If a body, instead of moving iVeely, be made to roll down an inclined 
plane, free from friction, the same laws of acceleration of motion are observed 
^th regard to the vertical distance passed through, as with bodies falling 
perpendicularly: the velocity acquired in falling down the length, ab, of an 
inclined plane is equal to the velocity it would acquire 
by felling down its perpendicular height, ac. The 
velocity acquired in felling down the whole length, 
AB, varies as the square root of the perpendicular 
height, AC (132). 

95. In all these observations, the resistance of the 
medium in which the body under consideration moves, 
as well as the interference produced by fKction, have 

been neglected; they furnish, however, very important sources of opposition 
to the regularity of motion. Cateru pariimt^ the denser the medium, the 
greater the opposition to the passage of the body moving through it; and in 
the same medium the resistance opposed to the movement of the body, is 
proportioned to the square of its velocity. It has been demonstrated by Sir 
Isaac Newton, that, when a spherical body moves in a medium at rest, of 
equal densiQr to itself, it loses half its motion before it has described a space 
equal in length to twice its diameter. This resistance is a consequence of the 
molecular inertia of the mediam, preventing the particles opposed to the mov- 
ing body acquiring instantaneously a degree of movement corresponding to 
that of the body. The atmospheric resistance (42) is sufficient to prevent 
projectiles (93) describing a strictly accurate parabolic curve, as required by 
the theoretical considerations, and limits the path of the moving body to a 
remarkable degree. According to Vega, it appears that a cannon-ball weigh- 
ing four pounds, and which in vacuo would traverse 23,226 feet, will, when 
passing through the air, travel through but 6,437 feet. 

96. In all cases in which one body moves on the surfece of another, a con- 
siderable resistance is generated to its free motion, and to this the term friction 
is applied. This resistance is diminished by making the points of contact of 
the two bodies as small as possible, by carefully smoothing their surfaces, or 
by the use of some unguent or greasy matter. As a rule, the amount of re- 
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ftmn friction ia Bcaenilly proportialsl U> llie preAsnre exeited i^na 
tbs moving boily. Tliiu, n Oal pis^c or can iron, haTinga lur&ceof 44 >quin 
inches, was pUoed upon a loiger piece, and to Imded <u lo weigh 24 pomiilL 
A fiirco of 51 onnoea being applied, was round jiul aufficjcnl K 
ilida OD ifae lurAce oT the larger piwe; the weight being idci 
poniida, a foioe of 104 oaooei wai required lo move the loadsd piece otm. 
The result of eipprimeDl ihua verj sliglitljr diflered riom the tbeoredeal It' 
that friction ia proponionsTe U> tlie preHure. 

With equal aurfoces and pressure, friction iiKresses in the dirBCt laiioof Ac 

eitenl of lurbco, anrl the rougher (he aurbces the greater the frictioo. Hi. 

Babbage linind that a routth Uock or stone weighing 1080 pounds, reqairedi 

fbroe of 75S pounds to move it on tbe lurlaa of the rock from which it vu 

hewn. Placed on a wooden sledge on a wooden Boor, a Hxce of 006 ponndt 

was snfllcienl to draw ii along. When the lloor and bouom of the *led|i 

were coveted with latlow, a force of 1S3 pounds wes sufficient, and butl;, 

when allowed to rest on wooden roUera thw 

Fig. 54. inches in diameter, it coald be easily moTcd bf 

a force of only 28 ponnds. 

07. If a spherical body a 




tbe direction of a Ii 



' DCS, panne 



1 of giaviiy (46J c, all in 
with equal velocity in a smigbl 
if the force applied does notae 
of gravity, the particles of tbe I 
lOasesB uneqiuil velocities, and the wbili 
will require a revolving or rotatory mctim, 
at tlic some time thai it moves oriwajids uois 
the influence of the npplied Ibrce. Thus, the earth is a ba^ ' 
which revolves on its own axis, at the same time that it n 
through apace; and if this motion has been acquired f[._ 
single impulse, it must have been cieiled upon a point dtsaisl 
aboQt 26 miles fiom its geometric centre. 

OS. Almost all moving bodies present this peculiar roomy 
mmion whilst pasring through Iho air, on aocount of the fom 
acting upon Ihem having been exerted on some point eicermic 
lo their centres of gra vity. Where the bodies are not sphericili 
they alwaya rotate round tbeitshoilesl axis. This may heiilv 
imted by euKpending a metallic ring n to a thread a. If ihiih 
rapidly rotated by twialing Ihp Ihrend between the finger^ llii 
little system will lend to lolato round tlie shortest possibles ' 
lo eSect which the ring d altera the direction of its moikjn 
attains ibat shown by the dolleil curve D, Ihedtatnelerof w 
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If tUe Imly be of siifficienUy regi 
form, and propelled along the ground, it 
volves round its horizontal axis, even if lb> 
applied force has acled directly upon it 
treof gravity (97). 

Let the ball inoa be pmjectod akmg fti 
plane mt, with a certain degree of Ibneip- 
pliad in the direclionof a line finssinL ~ 
the centre of gravity c. This Ibrce will HI 
ei]ira I ly on every molecule of the ball, bufa 
friction against the plane at a will piereMiB 
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moring with fiunlity, whilst the opposite point s, being free f\eom this oppos- 
ing force (95), will tend to move on with all the force which projected the 
balL As B cannot separate from b, it may be supposed to possess, for an in- 
stant only, a degree of velocity greater (because unopposed) than b. Draw 
Jte perpendicular to b, to represent the force of friction at b, and bb parallel 
Id Br, to represent the direction of the force of projection, complete the paral- 
lelogram (92) by drawing se and oa parallel respectively to dc, de, and draw * 
the diagonal do, which will be the resultant line of direction. Accordingly, 
the point d will pass down to e, causing the ball to revolve one quarter of 
the oirde: another portion ▲ coming to d, the same state of things occurs, pro- 
ducing the rapid rotation of the ball round its horizontal axis. 

100. If the body be so situated as to have capillary or cohesive attraction 
(22, 24), acting as the opposing force, rotation round a vertical axis takes 
place, providing the body be of convenient form. This is shown by placing 
a watch-glass, or plano-convex lens, 

on a smooth inclined plane, as a pane Fig. 57. 

of glass; having previously dipped 
the convexity of the watch-glass in 
water. Thus arranged, the glass, on 
sliding down the plane, will rapidly 
revolve round a vertical axis; where- 
as, if the plane and glass be perfectly 
dry, it will slide down and reach the 
bottom of the inclined plane without revolving. This rotating motion is ex- 
plained by the adhesion produced by the drop of water causing the portion of 
the watch-glass immediately below its centre to approach close to the plate. 
The centre of gravity of the watch-glass becomes slightly elevated, and for 
the want of support must &I1 (48), and thus commences the rotation which 
continues from the same cause until the moving body reaches the bottom of 
the inclined plane. 

101. When a body unopposed by friction, or resistance of the air, descends 
a series of super-posed inclined planes, the velocity acquired by it is equal to 
that which would be acquired in foiling through the vertical height of the 
Beries, as in the case of a single plane (94). 

Let ABC represent the planes, and let c and b be produced until they meet 
AB in », B. The velocity acquired by a body 
iklling from ▲ to b is equal to that which it 
would acquire in falling from e to b, for the 
plcmes AB SB have the same {lerpendicular 
height; and when this is the case with any 
two planes, the velocities acquired in foiling 
down their whole lengths are equal (94). 
The body having reached b will descend bc 
with the same velocity, whether it foil down 
AB or Bs; then the velocity acquired at o 
will be the same, whether the body fall 
down SBC or bo ; and 6nally, it will pass 
down to D with the same velocity as if it 

had rolled directly from b. The same reasoning will apply to bodies falling 
down curves, for their figures may be considered as made up of an infinite 
series of planes. 

102. All bodies free ftom obstacles will have their motion as much accele- 
rated, whilst descending, as retarded whilst ascending, a curve. Let cab (fig. 
59) be a curve, and a ball be placed at c, the attraction of gravitation will cause 
it to dgtgffin^ to a; in this motion it will acquire a degree of momentum (71) 



Fig. 58. 
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tufBcieni to eanf it <inwanls I 
once more' pull it down to a. and the 
tliui geneninl will nurj' it onwstda . . , _. ._ 
ageia M\ la a, ukI b on, cwcilladne Ann'c loi, 
until o|.|KMuis CBuiea bring il lo a ttate of loL 
TliO wbole time of ascent to ■ « n will be e^ 
t, a> Ibo velociliM bi equal aliiiudea aie eqtaL 
103. For ilia purpow of vauBing the body lo move in a curved paib wilb 
w little friction h* pouibie, it ma; be iiied to a nupended wiro or ittiog, u^ 
then permilted lo oicillBlej an instrumenl thus conitrucletl is lermeil ap^k^ 
km. Thi«, throrelically cnnnilered, coniini of a ball saspended to ■ thr^ 
HD&oled upon by any oppoting or reaining fbtccB. U ilie ball c (fig. 60} bg 
raised to i, and allowed to fall, it paeses tbrough c to a in the mannet alitadj 
detcribed; llie whole movi'meut of tbe ball from i lo a, or a to a, u iBaal 
on atciUalion ; from i lo c, ii3 movemcDt is termed tlio di^fcending, and thM 
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c 10 s il« ascending, fnaMwcinafiim. The dialance ab, meamred 
Inined itwampAniiJi-'of anoaoillation ; and the Juraliaitol i 
time requited lo eSeol this movement from * to a, and vice veisi. Tl« 
path described by the oacillalion of a pendulum is the necessary conaeqnenos 
of gravilatinn, end eiplifahle on thedoclrine of resolution of forcei (66). Fff 
kl the pendulum ai (Bg. 6 1) be clevaled lo c, and then leH free to own, il 
will be Bctod upon by the foico of gravitation, and, describing ihe curve El, 
Teach ■ ; this line may be considered as the re«ultanl of two ibices, one aG&t 
in Ihe diiociion cd, and the olliet in tlio direction bd. 

104. The duration of on oscillation is independent of its amplitude^ aod 
upcHi tbis depends the isochronous property of tlio pendulum ; for the tsnH 
time is required in a pendulum of given length lo oscillBte through 0-1° » 
through 10°, althaugh the amplitude of oedllatioa in the latter ia 100 tima 
greater than Ihat in Ihe former. This fact depends opon tlie ball, in fallDig 
diroLigb 10 degrees, acquiring a oonsidcrable momentum, aiirl, conaequentl;, 
moving witli greater velociiy than if il hud traversed a leas number of dC' 
greei, ia thus enabled (o traverse a longer pnth in a comparatively shortn 
time. The oscilladons of the pendulum are, however, onlyisochronotiswb* 
the curve in which they move is a cjcloiJ, a curve generated by the roialioo 
of a wheel on a plane suriacB. The base of Ilio cycloid being equal to Hoc 
oiicumlerence of the circle whose rotacion generated tba curve, the anK of 
which is always Iripis that of the generating circle. 

105. The duialion of oscilluiions does not depend upon the nature of tlis 
imposing the pendulum, and is nlwnya in the ratio of the aqUKO 

Thua, if apa«- 



lengths of the thread or wire of ilie 



dnlmnofB given length porfDrm one oacillHliou 



It lequirea a 
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the square of that length to perfbrm an oecillation in double, and the square 
root of the length to perform it in half that time. 



The duration of an oscillation 
being as the whole numbers 
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9,&c. 


The length of the pendulum 
will be as the squares 


1 


4 


9 


16 25 36 49 65 81, &c 



106. If a pendulum be made to vibrate in considerable arcs, an exception 
to the law of isochronism is obseryed, an addition of a minute portion of time 
being required to complete oscillations of considerable amplitude, as com- 
pared to those of lesser arcs. This circumstance is explained by the &ct that 
a body suspended to a string must vibrate really in arcs of a circle of which 
the centre is the point of support As the curve surface of a cycloid and cir- 
cle coincide exactly through only a very small arc, it follows that if the ball 
of the pendulum oscillates beyond the limits of this arc, it no longer moves in 
B cycloidal path, and its vibrations lose their strictly isochronous character. 
If we take unity for the time of an oscillation through an infinitely small arc, 
the excess of time required to complete larger oscillations will be 

For an arc of 36<>, 001675 

16°, 0-00426 

10°, 0-00190 

6°, 0-00012 

2° 0-00003 

107. As the movements of the pendulum depend upon gravitation, and as 
this force decreases in intensity as we recede from the earth's centre, (45,) 
this instrument affords a most valuable mode of determining the uitensity of 
gravity, and, consequently, the distance of the surface of the earth from the 
centre, in different parts of the globe. This is done either by ascertaining the 
time required to complete an oscillation of a standard pendulum : or, the length 
of a pendulum, requisite to complete an oscillation in a given time. The 
length of a pendulum required to vibrate seconds in the latitude of Green- 
iivich is 39*1393 inches, and, consequently, one requiring two seconds to com- 
plete a vibration, will measure 156*5572 inches, or rather more than 13 feet, 
whilst one vibrating but half seconds will measure but 9.784895 inches, or 
rather more than 9J inches; 

108. The intensity of gravitation, or force of gravity, (88,) (expressed by 
the number of feet, showing the velocity acquired by a dense body afler fall- 
ing for an entire second,) in any part of the world, is found by multiplying, 
by the length of the pendulum beating seconds, the number, expressing thq 
ratio of circumference to diameter, of a circle whose radius is 0*5 ; and divid* 
ing the product by the square of the duration of an osbillation. This calcula- 
tion is better expressed thus: 

/ ss length of pendulum in inches ; 

t aa time required for completing an oscillation in seconds; 

w BB the ratio of circumference to diameter, or 3*1415927 ; 

g as the intensity of gravitation as above explained : 

then the formulsB for the pendulum will be 

7 ^ / 
< a: V ^ ' and consequently g s= 

g ^ 

As an example of the use of this formula, let us suppose tliat the force of 

gravity, or velocity acquired by a body falling freely during one second of ti|n« 

ill England, is required: then, by logarithms, 

8» 
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eonotponding to 3Bii-ei> inche«,oT, more nccumtel/. 38S-S8M, u befiiM MUd 
(88.) A(iuu. fuppoae ihc nunc quivlion has lo be determined wilh rcgud 
to Siena Leone; at iliii pince Oiloncl Sabine hax delermined ihe mtoeof I 

or lenglh or [WDiIiiliun binting aecondi, to be 3901054 inches, 



aossGs 

eoneiponding very nettrlr to 3SS-10 inches, which witt be die ve)o(d(rl» 
quired bj a tioily Tnlling rreoljr during one seoonJ, at Sierra Leose. 

100. Tlieec compulations moy be made icill more readily by mnllipljiJiC 
ibe eiBCt Icninh ot a pendulum vibnilin([ seconds at any given pbice by dM 
DonibeT OB09U. Thus the force of k™*'!? al Greenwich may be calculiUd 
by multiplying the lengih nfiho Mcond's |:enduluni. or 39-130 by 11-869(1=: 
380-289 inches. A pendulum vibmtint; teeaaila musi be a lillle more Ibu 
one-flnh oTan inch lonjiai at the poles thnn at Ibe ecjualor. 

110. The following are the result* of Kime meaauieineots of the •ecoidt' 
pendulum, al iliSereni parts of Ibe world: 



1 

Place. 1 Latitude. 

I 


Value of A 
or length of 


Observer. 


Leilh Ii5'>58'4l"N, 

London 81<'3l'0&"N. 

Junuca nojCOT'N 

Asieniioa . . . T>6y4ii" S 
Sietra Leone. . 9,'>2V2b"N 


39a MM 
39-IS540 

sB'iagos 

3B'O3S08 
3B- 02406 
3001954 


Col. Sabine. 
Capl. Kaler. 

Do. 
CoL Sabine. 

Do. 

Do. 



Bf observutions anil calculations of this kind, (bo flnllening or the earth U 
the polei awl bulging out at the enuaior, have been most accuiatclv determined 

111. To determitie the time required tor a penitiilum of any given lengih 
to complete an oscillation in the latitude of London, it 'it only aeceasary lo 
talte the Equare root of ihe lengtli of Ihe pendulum compuloJ in feel, and IB 
muliiplj' Ibis result by the decimal €.53372. Thue, if the pendulum wa» 
nine feet in lengih, it woulil perform an oscillation in 1-Cfl seconds, for — 
v'exO.S537a=I-661l6. 

To ascei tain the lengih of a pendulum which it required lo perform avibn- 
tion in a givpn time, in ihis country, we have only u) multiply the square of 
the number of seconds by the number 3 3616, and tlie ptoduci will be lbs 
required lengih in lent. Thus, if it be requireil to discover wlmt Icng 
pendulum must posseas to bent double secoiida— 



ei 

3*x3«eiSsl304e4 fbet 
lis. In the theoretical ooiuideratioiis and Ibnnain above meatiOQed, we 
have con^dered only the simple pendnlani, or one whose wire ia absolnteljr 
nrithout weight; a oonditioa or course physically impossible. Some sl^t 
reaervalion must, on this account, be made in applying to practice the Ibrmn- 
B of the penduluni. If a peodulom be suspended by means of a knife- 
" ■' " ' ■ ■ it will con- 



Fig. 63. 



edge, and unopposed by the resistance of the almoBphcr: 
tinue oscillating fbi several hours, describing equal arcs in eqaal 
times, until it graduBll; comes to rest. As, howevei ' 
porting the ball is never destitute of weight, there are some oppos- 
ing canses to its completing an oKillation in B. theoretically correct 
period, which must be noticed. If the pendulum ab he allowed to 
oscillate, and the wire be without weight, the doration of its oscil- 
latiom will be consistent with theory; but as the wire is po 
hie, every atom of it has a tendency to complete the osdilati 
n. less time than the moleculs beneath it, ibr if the pendulum be 
imly as long as la or ic, it will of course complete its vibraiions in 
much less time than if as long os in. Accordingly, every ponioo (T( ) 
of wire wili tend to complete iis oscillalions in different times, and 
these actions will, to a certain HitenI, oppose each other. At a 
oorlain point in the pendulum tliese actions will be mutually neu- 
tralized, and this is termed the ctnirt of oidllaticm. This point can, 
praotically, be brought very low into the ball of the pendulum; and 
is elected by malting the ball very heavy in comparison with the 
wire to which it is attached. The length of a compound, or ordi- 
nary pendulum, ia the distance from this centre to the point of auapensioo. 

113. The centre of oscillation is the same widi the ccTitre of ptreuaion, oi 
that point where alt the percutient force of a rod or bat is concentrated. This 
diSers malerially from the centre Of giavity, lor on alriliing anything with a 
■tick at its middle point, it is well known that the whole force of the blow 
will be much less than if the body be struck with that portion of the stick 
which is further from the band. 

114. As all bodies are acted upon by changes of temperature, so [hat their 
length becomes altered, it is of eilreme importance to have a pendulum con- 
structed in such a manner, as to be unafiected by such changes. Several 
modes have been proposed lo effect so desirable an object; 
none, however, are more effectual than the well-known grid- 
iron, or compensating pendulum, composed of two or more 
metals, so arranged that the expansion of the one counter- 
halerkcea thai of llie other. In the simplest possible Ibrm, this 
contrivance consiata of a parallelogram of steel, iBcn, ilied to 
the rod E, by which the whole pendulum is suspendeil. The 
copper roil rs, bent twice at riglil anglen, is fixed by its lower 
ends to the transverse piece en, and from the upper part of 
rs, the rod supporting the bell of the pendulum is affixed. It 
u obvious, that as copper dilates much more than aieel by 
equalelevationsof temperature, in the proportion of 1'0019I880 
to 100118380, if the size of the steel and copper bar be pro- 
perly adj'ualed, any elevation of temperature which, by ex- 
panding the steel bar, would increase the length of the pendu- 
lum, will be completely counteracted, by the expansion of the . 
copper bar in the opposite direel ion. The importance of an ar- 
rangement of this kind is sufficiently obvious, as an alteration 
of 30" of lomperalure, by affecting the length of a pendulum, 
would introduce an ermr of S aeconds in 94 hours. In all 
obaervBlionB with pendulums requiring great accuracy, the 
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lateral attraction of mountains and elevated buildings (40), as opposing the 
attraction of the earth, mUst be carefully borne in mind, otherwise erron 
* of great importance will be introduced into our calculations. 



CHAPTER V. 

OF THE HSCHAHICAL POWEBS, OB SIMPLE MACHINES. 

Exchange of Time for Power, 115. Centre of ParaBel Forces, 116. Theorif of 
Lever and Balance, 117. Weighing with False Bcdances, 119. Momenium of 
Long Arms of Levers in Action, 120. ArcMmedes^ Problem, 121. Kmdsof 
Levers, 122. Cwiditions of Equilibrium in the Lever, 125. Wheel and Axle, 
126. Pulley, 127. Compound, or Systems of. Pulleys, 129. Angular Diverg- 
ence of Cords of Pulleys, 131. Inclined Plane, 132. Theory of, 133. Screir, 
134. Wedge, 135, 136. Levers in the Animal Structures, 138, 139. PtUkp 
in, 140. Wedges in, 141. 

115. The mechanical powers furnish the most simple instruments that can 
be employed for the purpose of raising or supporting weights, or oommuoi- 
eating motion to bodies ; and all machines, complicated as they are, with 
which the ingenuity of man has furnished us, are nothing more than conibi* 
nations of these simple powers. By means of these simple machines, it mast 
not be supposed that we beget or increase force ; all that we do, is to apply 
force in a convenient and economic manner. Thus, if a man oould raise to 
a certain height 200 pounds in one minute, with the utmost exertion of his 
strength, no power could enable him to raise 2,000 in the same space of 
time. If left to elevate the mass by his own unaided strength, he would be 
obliged to divide the mass into ten different portions, and raise each separately, 
whereas, by means of one of the simple machines, he will be enabled to 
raise the entire mass at once, requiring, however, for the performance of the 
task, ten times the number of minutes in which he raised the 200 pounds. 

Thus it is, in limine, obvious that we exchange time for power in using 
simple machines; and this is true with all the varieties of apparatus to which 
that term has been applied. The simple machines may I>e divided into three 
species : 

1. The lever, 

2. The pulley, 

3. The inclined plane ; 

the theoretical properties and peculiarities of which, with their chief modifi- 
cations, we shall now briefly describe. 

1. the leveb. 

1 16. The lever, theoretically considered, is an inflexible rod, destitute of 
weight, perfectly straight, and moving without friction on a fulcrum or Bupport, 
corresponding to tlie centre of motion. 

Referring to what has been already stated with regard to the centie of 
' parallel forces (46), we find that, whenever a series of forces, perfeody pa- 
rallel in direction, act upon a mass, they may be replaced by one fovce, whkb 
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majr be oooBidered as their oentre, or resaltant The fbllowing are the chief 
properties of this resultant ▲. It is equal to the turn of the forces if they 
are all exerted in one direction, and to their difference if exerted in opposite 
directions, b. It is parallel to the forces of which it is the resultant, c. It 
is placed at a certain point a, in such a manner that the distances ac, oa, are 
in the inverse ratio of the forces cs and ab, which are supposed to be acting 

Fig. 64. 





on the extremities ac of the bar agc. This point remains the same when 
the ibrces change their absolute d^ections, providing they remain parallel ; 
fat if the above forces act in the direction cw, ajt, instead of cd, ab, the cen- 
tre will still be g, because they have not changed their intensity, and their 
power is in tlie inverse ratio of oc, oa. 




117. Let the inflexible bar ab be balanced on a fulcrum at its centre of 
gravity, it will, of course, remain in perfect equilibrium. Suspend from the 
end A a weight w ; immediately this mass is added, the centre of gravity will 
no longer be over the fulcrum but nearer the end a, and this point, being un- 
supported, will be drawn down by the attraction of the earth, consequently 
eqoilibrinm will be destroyed. Then suspend from the end b a similar 
wei^t r ; the oentre of gravity of the whole, as the bar and the weight may 
be considered as forming one mass, vnll be once more over the fulcrum, and 
the whole will be supported in equilibrio. If, instead of p being equal to w, 
St be one-fourth less, then the centre of gravity will be no longer over the ful- 
crum, bat nearer a, as at c, and the gravitative attraction of the earth drawing 
this point down, will cause w to preponderate ; nor can the state of equili- 
brium be obtained, unless weights be added to p, until it becomes equal to 
w. This form of lever is evidently nothing more than the ordinary balance ; 
mad we find that when the weights pw are equal, the length of the lever on 
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both aides of r must be equal. Tbeso portions rt va aie Hinned ihe anni 
of the lever. 

118. If liio weights rw romain eqaal, but the poaitioo of ihe fulcrum is 
changed to i, then equilibriuin will no longer ocl'ui, Ibr the arm ra u-ill pre- 
ponJerale; Ihi* necessarily oocuis, for iho oenlre rf Rnivily c, betng no longpi 
supported, Ibe Ibrcoof graviladon draws jt towards ttie earlli. But let ab be 




paduBted into four equal portions, at, re, ci, ib, and lei the point t be snp 
ported : it ia obvious that things rem&iniog as they were, a state of equilibiiuia 
can only ba obtained by throwing the centre of gravity over the point of suppon, 
or fulcrum. This may be ejected by diminishing the weight f; and if thiji 
be done gradually, the tjentre of gravity will be (bund lo approach towards r 
in proportion aa we dimimah r ; and when this is equal to one third of T, the 
eeiHte of gravity will be cxtujtly over tiie fulcrum, and equilibrium obtained. 
Now, aa p ia equal lo 1, and w equal to 3, wliilal the arm to which T k Ql- 
lached, is tbrice as long na that lo wbicb w ia auapended, we deduce the 
general law that the power p andtcaghl ir are always inequitibrio^ichenrheifar* 
lo lach other in Iht invtrtt ratio of thi arms of the fetw, to wbkh they are atlachii. 
Conaoqueotly, any weights will lieop each other in equilihiio, on the arms of 
a sirajfilii lover, whea the produola arising from multiplying each weight by 
its diatance from (he Iblcrum, are equal on each side of the fblcmm ; and, ai 
in the above e^iample, f.= 1 and w =: 3 ; whilst if = 1 and ra ^ 3, it 
follows ihat (w X *') = C' X ") and both being equal lo 3, equilibrium 
necessarily results. Of the lever with unequal arms, the common ateelyatd, 
used for weighing heavy weights, ia a good example. 

119. As a smaller weight is made to countei balance a greater, by leDgtti- 
ening one of Ihe arms of the lever when arianged as a balanoe, it frequently 
tempts (he dishonest vender lo thus alter hia scales, to cheat the nnauapiiaouB 
buyer ; of course this is readily detected, by weighing the substance to be 
purchased fitsl in one scale-pan, and tlien in the other. If the balance be 
correct, it will weigli the same in both ; but if incorrect, its apparent weight 
will be different in each scale pan. To determine the true weight of a sub- 
stance with such a balance, weigh it first in one scale-pan, then in the other; 
multiply these two weighia together, and late the square root of the product. 
Thus if a substance weighed 253 pounds in one scale and 251 in the olher, 
V*^51x2-''3 = 252 pounds, the true weight. 

Another process for weighing accurately with a false balance haa been 
devised by Borda, which, indeed, fumishea ua with the most accurate mode 
of ascertaining the exact weight of any substance, even with a good balance. 
For thia purpose, accurately counierbalancB Ibe body to be weighed by means 
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of anj heayy sobstBiioe, as fine leaden shot or sand. Then remove the body 
■ad replBoe it hy wei^ts oaiefnlly introduced into the scale-pan, until the 
shot or sand be counterfaalanoed, and the equilibrium restored. These weights 
will give the true weight of the body free flrom any error arising from imper- 
jfeotions in the balance. 

130. In the lerer with unequal anns, it is obvions that the velocity with 
whieh its extremities move is very different Let the line Arc represent a 
lever, turning on the fulcrum at r as on a centre, and suppose a weight 
to be attached to the end c, and a force applied to ▲ sufficient to move it 

Fig. 67. 




Then, while the end c describes the arc scb, the force applied will pass 
dinmgh the arc xao, the length of each arc being in the inverse ratio of the 
Soxee applied to each, and in the direct ratio of the arms of the lever. We see, 
also, tlmt a sraAll weight attached to ▲, and passing through the space bao, 
will, by its velocity, generate a degree of momentum (71) sufficient to over- 
oome the resistance afibrded by a much heavier weight attached to c, mov- 
ing^ as the latter necessarily must, with less velocity. For, as from the con- 
ditkMis of this lever, the arcs bd xe must be described in equal times, and 
as x« is mudii larger than bb, it follows that the end a must move with as 
miKh greater velocity than o as the arc xe is larger than sb. As the moment- 
um of a body is equal to its quantity of matter, multiplied by its velocity or 
quantity of motion, we learn that equilibrium must occur in a lever, when 
the weights at either end, multiplied by the velocities with whiph they move, 
are equal to each other. From this reasoning, we also become convinced of 
the truth of the statement we set out with, that the application of the me- 
chanical powers is an exchange of time for power (115). 

121. llie difference in the velocity of the unequal arms of a lever, and con- 
sequently of the time required by the ends of each to traverse a given space, 
is well illustrated by the solution of the celebrated case assumed by Archi- 
medes of Syracuse. This philosopher, seeing the immense power capable of 
bnng exerted by a lever, declared that if he had a place to stand on, and 
were provided with a sufficiently long lever, he would move the world. If 
it be granted that he could exert a force of 30 pounds in pulling an arm of a 
lever through 10,000 feet per hour, he would, to raise the earth a single inch, 
have to cause the end of the long arm of a lever to pass through an arc which 
woald require the continued labor of 8,774,994,580,737 centuries to accom- 
plish, supposing Archimedes worked for 8 or 10 hours per day. 

122. The levers just described have been termed levers of the first class, 
and are characterized by having the fulcrum at some point between the 
power applied, and the resistance to be overcome. Those levers in which 
the fulcrum is applied at one end, and the resistance at an intermediate point, 
have been termed levers of the second class; whilst those in which the power 
is applied between the fulcrum and resistance, are placed in a third class. 
The only real distinction that it is necessary to make, is between levers in 
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applied, aod w Oar I Jh] i M. vtm Ac AriiiMi m liiiaii—l 

tS3. TbuiHUnMntfdMlnwiBwiHkAatMaBtoapplirdbenrceo 
A* fliti ■!! Mid ifwimiLUt >■ n« TR7 lie- 
rig. 68. f" **r "I* wiA; indml, on aomum of Ihs 
mediiiMl daadTSsage ia whiph the lores 
b nmiMiilr erenod, il i« ncvei i*?ed eicepl 
*> pUD oomiderable vclodtr. IT an rtpre- 
teat sadi ■ 1bt«i moling on a bing? as i 
rakmm at r. and Ibtoe be miptietl ai p, it ii 
obTHm Itiai whilw p moves tbioagh a xanll 
•JC, ■ will dcKcibe a jvrj lor^ <Hie; Had u 
lc«h are pcrlocmrd in eqaal liniM. ilie vclo- 
ciiy of Ihe end a is ocposuieraUy greater than 
ihe end aeai r. The ue<ldle of a lathe, and 
the cumnxm tongt, used to lupplf ihe fire 
ytilb furl, aflbrd an example of this kind of 
lever; the aheep-fheor^ »a}ffa4oagti ka^ are nmilai examples. 

124. Of the fint described lever, in which Ihe folnwD is centcHt, eiaiD- 
ples are met with iti ibe aov4iBi, Kisson, forceps pincers; and in ihe oidi- 
taiij poker, trben il resu on the bar, In ihs aa nt stirring the fire. Sea, Of 
itie seixind liind of lei<er, in which the fulcnin and power applied are bolli 
lerminBl, an oar will aflbrd an example, the water being the foloruni, iba 
boat the resistance, and the hand of the rower the power. The chip- 
ping fcnifp used lij drajtgisls, in whicb the end is flied to a boanl, ihe com- 
moo nutcrackers, and the cbaff-cntler, an also instance d[ this kind of leter. 
lu Ihe following ftgiues of the crow-bar, chipping-knife, and Ireddlsofa 
lathe, a^rding examples of the three rorms of lever, (he letters rra IF 
■peciireijr point out the position of ihe power, fulcrum, aiMl lesislanae. I 
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12S. As a general statemi^nt of tli 
librium with llie lever, the following (brmula, . 
moved, v ^ power applied, p =e lUe nrm lo wli 
connected witli r, may bo useful ; 

r: w: '-r-.p, and rx;> = x 



ty conditions for obtaining equi- 



■n m BDOODd leTcr, 

«f ODttulg boaefincqMmra cooMmcted in this 

Hl^^^^"^ ^ > (xmUDBtiOD of IflTen, mnanged 

IM. The wheel and ula u a modificacio 

inder «, wmed die axle, tnmiog on a cennre 
efaela of WtMd OC oIIist mbvBiice, i, calJed 
dM wbeeL Samedmes thii ia lepUced bj a 
qnke, aa •, Szed inio b, to tfas cbhI of which 
A« fctce >> ^>iffied. The leaistanoe to be 
B a fixed ID one end of a rope 
mud the nnall crlii>dei b, whilst 
u u applied to (he ciicomlbieace of 
-. _ - - illj ^T means of a rope, r, acting in 
Ibe directkni of a taugeiil to A. Heie the 
ndina of the sniBllei drcle or axle nuij be 
oonnderad m cenespondiikE to the ahoit arm, 
and (he rafioa of the larger m wheel, or the 
langth of die ^K>ke fixed irklo a, to the kmg- 
ef ami of a etraif^t lerer. And Boooidiiiglf 
WB find Aat eqailibcium is dbtaii>ed when 



?T axle, ia to Ihnt ofthe 
_ _ , n wheeL Calling die ladina of the 
wheel w, and that of tlie axle m, 

r X w 3= > X »- 



. that instead of acting direcdjron 
and thi* *oiiietiin«e on a third, 

inner. The patent wei^fing- 
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This machine oHuiiBti of a cjl- 

and connected with a larga 
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In the following Ggarea repre- 

lie, the nine letters of referenoe 




137, The Dinplest fwrn of pnllEy consiBU merelf of a 
Imam, used onljr to change the direction of nKXioti. Ai unially ci 
k ii a Rnall wheel monble about its centre, in the 
• pooTew Acmed to admit a rope or flexible cbun. 
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In iho buibIb (lied pulley movable ronnd in cenlre, c, no jnciewe of 
power is gHinod, but merely Boonveaient mode of applying fcrca. For if tlie 
perfectly fleiible rope iB be passed over the pallay, equilibrium will occur 
when the weigbtg r» aie equal ; both coulaiBing equal quamitics of matter, 
will be equally acted on bjr gravilalion, and be neceBsarjIy in eqiiilibrio. 



Fig. 75. 
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lae. If we Bse a movable puiley we become enabled (o misa a rcsiatonca 
of 2 by a power of 1. Let iha rops te be faslened 1o a solid beam at i, 
and pBEaing under tlie groove of a movable pulley n, be brought over a fixed 
pulley I ; the ouly use of wbich is to render the application of Ibrce mora 
convenient (1^7). Let a weight m be suspended from the central axis of the 
movable pulley n, and a force of power F, applied at the eud 
of c; under these ciroumalances a wilt obviously be support- 
ed equally by the power r and the beam 1, which, reacting 
against the power applied, aids in keeping the weight ele- 
vated in the samo ratio aa t does, action and reaction being 
eqtial and coniraiy (61), and acconiingly n will be supported 
by a force f, equal to ona-hnir its own Weight. Hence in (he 
single movable pulley, equilibrium is obtained when the power 
is to ihe resistance as I to S. In the pulley, as in Ilie lever, 
lime is losl as power ia gained, for a little reflection will show, 
that for a to be misetl one inch, f must fall through two inches, 
as the end of* is immovable. 

129. Soitietimes a pulley is compounit, oonsiating of two 
portions termed blocks, Alt, each contaiinng two or more single 
pulleys. In such an arrangement, each fold of string austains 
a Bhare of the weight, or resistance ; and equilibrium will re- 

F : B 1 : 1 : number of strings on the lower block, 
d in the pulley ligurod in the margin, the folds of siring in 
lower hlookbeing 4, a power of 1 will sustnin a I'esialnucc 

130. Instead of the string folded on the pulley being entire, 
il is sometimes divided into several portions, each pulley hang- 
ing by a separate string, one end of which is attached to a fixed 
beam. Hero a great incrense of power is gained, attended hy 
a corresponding loss of time, as the power r mult move much 

and acquire considerable momentum, which, indeed, becomes 
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Fig. 79. 



Md¥0 in emMing it to pot s in motkni. In imck a I^g. 7d. 

fPfitam, die pan of power may be determined by cal- 
cnlating thst power of 2, whose index is the number 
of movaUe pulleys. 

» : « : : 1 : 2* 
In the syBtem of pulleys, figured in the margin, 
tbeie are three movable pulleys; now the third 
power of 2 18 8, and aocordingly, with such an arrange- 
menl^ we can, with a power of 1, counterbalance a 
rtwristance of 8. The fixed pulley in this system does 
not ineiease power, bat merely affi>rd8 a more conve- 
nient mode of appljring £>rce (127). When the pul- 
leys are connected each to a separate string, the ends 

of the latter being attached, not to a beam, as in the last case, but to the resist- 
ance to be overoomei some mechanical loss is sustained, and equilibrium is 
obtained, wben 

^ p:b::1:(2»» — 1) 

9 being fhe power of two, whose index is the number of movable pulleys. 
131. In the preceding cases, the strings of the pulley or their folds are sup- 
posed to be parallel; when this is not the case, some alteration takes place in 
the condition of equilibrium. Taking the case of a single movable pulley, 
•qnilibriuni occurs, when the power is to the resist- 
ance, as ndins to twice Ae cosine of the angle, in 
whidi tfaa weic^t acts. Let en be die direction in 
which die weight or resistance m acts ; produce bd 
mtil it meets om at i. Then, if ds be taken to re- 
present the amount of power at p ; it may, by the 
lesotntion of Ibroes (66), be supposed to be the re- 
•nhnnt of two Ibrces, one acting in the direction ex, 
■nd effeodve in raising the weight r ; the other, cd, 
being ooonteraoted by an equal and opposite force 
■rising ftom the tension of the string xs ; and as the 
two folds of the string ex, bx are equally active in 
Bosttdning b, 2 ox .will represent the whole weight 
sustained by the power p and 

p : s : : SB : 2 ox : : rad : 2 cos dxc. 
When the strings become parallel, the angle dec 
^ranishea^ and its cosine becomes radius, then p : b 
: : 1 : 2, as already explained (127). 

The pulley has been referreKi, with great justice, 
to die lever, of which indeed it may be considered 
as a modification ; the radii of the pulley represent- 
ing the arms of a lever, on which, by means of the string, the power is made 

10 act. 

3. IBCLIirXD PLANE. 

13S* The action of this mechanical power depends upon the simple prin- 
ciple, that a body free to move can be supported only by a force equal to its 
own weight, nnless it can deposit a portion of 
diis weS^t on a fixed obstacle, in which case 
it can be supported by a smaller force. 

An inclinied plane consists of any substance 
mfliciently bard, inclined at a given angle. In 
eveiy plane three parts are distinguished, its 
heii^t AB, its length ac, and base bc. In our 
theoretical considerations of its action, its sur- 




Fig. 80. 




POWERS, OK SIMPLE KACHIMKB. 

133. Suppose a solid body, lied, 10 be placed upon Hs inclined plane, abd, 

BO liiBt il ma)' slide dowu uadec the in- 
Fig. 61. fluence of BtnvitaiioiL Tocalculnle the 

force tequiied to te«un il on iha plane, 
draw Q pecpendicular line, sb, from the 
eeotre of gravity (46) o, to represent die 
diteoiiou of ihe eaiii's atttaction for iL 
By ineani of Ihe panillelogrBra of /brcea 
(GB), decompose this Tesultnnt into iwo 
Circes Bt, perpendicular lo the plane da, 
aoii ab parallel to it. Tt is seen ax ones 
that th- force or is entirely opposed by 
die surface of the plane, and eb will re; 'Snt the actun] intensity of Ibioe 
Bering on the body abed, anJ which is oc in drawing il down the plane. 
Consequently, the force necossary to reiai.. the bo^y on die plane, will beat 
the same ratio to the total weight of the body, as the line ab does to the dia- 
gonal SB, or, what comes to the same thing, as the height of tbe inclined 
plane is 10 its length, because the triangle h6b = triangle dbi; and nfflng 
the letters referring to the lust figure, equilibrium will be obtained on the 
inclined plane, when r : B : : db ^ ba: therefore Iho leas the height of the 

eano, the greater the weight that can be suslained on it by a given power, 
ere, as ia the other meohanical powers, velocity is lost as power is gained, 
ibr the vertical height to which the body is raised by means or the inclined 
plane, is equal only to Ihe height of the plane, or sine of the angle of inclina- 
tion. And, as in the preceding figure, ok is considerably longer than hb, it 
will, supposing tlie weight raised to pass over equal spaces in equal ctiues, 
aeoeuarily require a longer time to move it through the apace ni than db. 

134. If an inclined plane be supposed to be wound spirally Ground a cy- 
linder, in a manner similar to rhal in which spiral paths are tHrried round 

Fig, a 





IS to lessen the steepness of ascent, we have a icrair, one of the most 
useful modiftcations of a simple machine. The edge of tbe flexible inclined 
plane i, wound round the cylinder a, constitutes the tlvead of the screw, and 
projects to a certain distance beyond the cylinder on which it is supposed to 
be wound. To use the screw, a hollow spiral is carved in the inside of a 
block of wood or metal, termed the female screw ; this hollow spiral must be 
of such a size as to admit the projeoring thread of the first, or male screw. 
Tbus constructed, the male screw is generally turned by means of a lever. 
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Fig. 84. 





fixed into its head, thos, indeed, forming a oompoand machine, the power of 
tbe te/rer being added to that of the simple screw. The power of the screw 
insieaaes with the drcamference of the circle described by the lever i. to 
wfaioh the power is applied, and with the diminution of the distance between 
two oontignouB thzeads of the screw, measured in a direction parallel to the 
taoM. OaUing this distance d, and the circumference of the circle described 
faf the lever, l, equilibrium will be obtained, when 

p : m : : D : ita 

135. When two inclined planes are placed with their bases approximated, 
u AS, we have a wedge; which is a triangular prism, contained by plane 
flgues^ of which two that are opposite 
an equal, similar, and parallel, the 
odien being parallelograms* This is 
oooanonallyiised as a mechanical power 
to lift heavy weights to small elevations, 
but is more generally used for the pur- 
pose of cleaving timber; the edge being 
introdooed into a cleft made to receive 
it and the wedge forced in by repeated 
blows of a hammer upon its back. The 
great advantage of die wedge appears 
really to depend upon the percussion 
used to urge it into the mass of timber, &c., exciting vibrations between the 
particles of the solid, and thus permitting the edge to introduce itself between 
them. Certainly the direct action of a weight pressing upon the back of the 
wedge, can bear: no comparison with the immensely greater effect gained by 
percussioo. 

136. Tlieoretically speaking, it has been supposed that the power gained 
by ^e wedge, bears the same proportion to the resistance to be overcome, as 
half its back does to its height. Thus, a weight of 60 may be raised by a 
force of 20, providing we use a wedge, the half of whose beck shall bear 
such a proportion to its length as 20 does to 60, or 1 to 3. The only part of 
this theoiy which is resdly supported by practical observation is the fact, that 
the power of the wedge increases, as its width or back diminishes. Many of 
our domestic instruments are modifications of wedges ; a saw is composed of 
a series of them, and knives, scissors, razors, are nothing more than fine 
saws. Needles, pins, &c., may be considered as acute wedges. 

137. In this outline of the properties of the mechanical powers, or simple 
machines, some important sources of resistance to their action has been omit- 
ted ; because the consideration of them, as ai}plied to their theory, is rather a 
branch of practical mechanics, than of the elementary portions of physical 
science. Friction (95), the rigidity of cordage, and the inertia (18) of the 
several parts of the machine itself, are important objects of study to the me- 
chanic^ as they oppose very important obstacles to the development of the 
full mecfaanicial power of a machine, and prevent his obtaining such an 
amount of power as theoretical reasoning would lead him to anticipate. 

138. In that elaborate and wonderful part of the animal economy, the mus- 
cnlar qrstom, w^e have much to admire and wonder at, in the adaptation of 
power, to move the bony levers constituting the skeleton. Here, where great 
power, rapidity of movement, and elegance of figure, are equally attended to, 
we find evidence of infinite wisdom in the adaptation of mechanical power, 
apparently the least advantageous, to tbe most important motor functions of 
the body. In considering the mode in which extension of the limbs, especially 
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ordM upper exuemilies, is perronned, we wa a ael of Ictck of Ihe Seal kind 
(1S3); or those io which the power and resistance are at opposite ends, and 
die fulcrum tntermediule, called into sciion. Id the Jlixion ot llie limbs, we 
hmTe B «et of beautiful examples of levats of the Ihird, or Ibat kind, in wbicb 
tba mUtance and flilcnim ara terminal, and the power intermediate (IS3). 
And in cettain other muscular eSbrls, as raising iba body on tiptoe, aiid da- 
preuing the lower jaw, we bave examples of levers of the aecond denomina- 
lioDgin which the roaistance ia inteuneiiiaie between the fulcrum and power. 

AllbCiugb the inaarlion of the flexor muscles, causing the limbs to act aa 
lerars of the most disadvantageoua kind, might appear, at a snperBcial gianee, 
ICi tender the action of Ihe liniba less eoeigetio; a moment's leOoction will 
abow thai by the insertion of muacle near the fulcrum, we gain an immense 
incKUfr of velocity at the other eilremily of the level (IS3), ganeratiug a 
degree of momentum infiiutely more fitted for the purposes required by ihs 
movetnents of the limbs than if by tlioir insertion further from the fuloruin, 
(hey had been so placed as lo exert their power to the gceateat mechanical 
advantage. For [liia. at firel sight, nppBrenI advantage would have permitted 
OS to use our now agile limba witli extreme slowness, with the addiiional 
disadvantage of unsightlinesa. 

In the act of flexing the ann, fbr example, the fulcrum r is formed by the 
oondylas of Ihe humerus at the elbow joint, the resistance is the weight, H, in 




the band, and the power is applied at r by the contracdon of the tniiscle at- 
taclied to the radius. When this muscle (biceps flexor cubjti) contracts, the 
hand a describes a much longer curve in a given time (ISO, 133) than r, 
therefore a great amount of velocity, and consequently a considerable mo-' 
menlum (71) become generated. 

139. The following are some among many examples of levers in the human 

A. Fnlcnim ieftown tht Poaa- and Saatamr. 



Muscles arising from tu- 
berosities of iarhia, 
and inserted into the 



Condyles of humerus. 
Heads of femora. 



Weight of the trunk, 
when flexed upon the 
thighs. 



1. Fuicrum Itrminal, EtiUlaitce inla 
The floor pressed by the 



Aniculaliun of the lower 



Action of the tempoial 
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C. Ffdenan UnmmUf Power intermtdiaie. 



Bieept flexor cnlitti and 

braohislis. . 
Ilelttrid. 



CondylSs of humeras. 

Glenoid cavity of sca- 
pula. 



Weight of arm and hand. 
Weight of the ann. 



140. Of oompoand pullejrs we should scarcely expect where all is charac- 
terized by beaatiAil simpiicity, to find any examples ; of simple pulleys, mere- 
ly to alter the direotioa of motion (127), we have a few instances. The 
■tmotore of the pulley-like organ is always extremely simple, usually being 
merely a groove in the bone covered with cartilage, sometimes a bony hook, 
and in another case a tendinous ring. The tendon of the obturator inter- 
noB, wfaidi in passing out of the pelvis, glides in a groove in the ischium, 
•o as to alter its direction, affords an example of the first and simplest pulley 
in the human body: the hook-like process through which the tendon of the 
cirotimflezns palati glides, so as to alter its direction to a right angle, illustrates 
the second form of pulley ; and of the third, we have an example in the 
tendinous ring in the depressicm of the frontal bone, through which the tendon 
of Ihe obliquus superior muscle of the eye glides, becoming thereby bent to 
an acDie angle. 

141. We have no instance oif the occurrence of the inclined plane or its 
modifications in the skeleton ; the sacrum is certainly not an example of the 
wedge, notwithstanding its figure. The only approach to a wedge in animal 
structure which I am acquainted with, is the bony apparatus discovered by 
Sir Philip Egerton, in the neck of the ichthyosaurus, an extinct antediluvian 
reptile. Throe wedge-like bones have been described by him as connected 
with the cervical vertebrae, and fitting into spaces between them ; these wedges 
are supposed to have been withdrawn when the animal flexed the head upon 
the trunk, and to be introduced between bodies of the vertebrde when the head 
was raised : so as to diminish that vast muscular effort which would other- 
wise be required, to keep the enormous and disproportionate heads of these 
animals extended. 



NOTE. 

On the subjects treated of, in the preceding five chapters, die student may 
QOniult,' with advantage, the excellent Elements of Physics of M. Peschel, 
translated by Mr. West, the Illustrations of Mechanics, by Professor Mosely, 
Sir David Brewster's edition of Ferguson's Mechanics, and Dr. Olinthus 
Gregory's Mechanics, as well as the monographs in Sir David Brewster's Ency- 
dopsedia, Dr. Lardner's Cabinet Cyclopaedia, the Cyclopaedia Metropolitana, 
and the Treatises published in the Library of Useful Knowledge. Among 
continental authors, the works of Poisson, Pouillet, Biot, Hauy, Quetelet, &c., 
should be carefully studied. See also. Mailer's " Physics," chapters L and II., 
American edition. Lea & Blanchard, 1848. 

In the Essays on Mechanics, by the late Dr. Wood, of Cambridge, and Pro- 
fessor Whewell, the reader will find the law of statics and dynamics mathe- 
matically treated. The propositions in the Principia of Newton will of course 
be studied with attention by all who desire an intimate acquaintance with 
tbem, whilst those who content themselves with a more. popular and general 
knowledge of these subjects, would do well to consult Euler's Letters to the 
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CHAPTER VI. 

Prapirtiu of Fluidi, 143. ElaHMy of, 143. CompriuibilUy of Waler. Ui, 
EjvaHly of Pieimre, 145. Lenit Sur/arr o/, 117. Level of Ihi Sea, 148. 
Hj/dnmalic Freaun, 149. Uparard Premvt, li'i. Laictal Prtavrt, 166. 
CtNJn o/'iVuiure, 157. CommuJOtalias Fttttli, l&S. EgtaHbrimn of Sohili 
• vtFhiidt, 100. PrindpU of ^clamldet, 161. Sptriftc grallUy of Sobdi, 
162—165— of Liqiadi, 1116 — of Gasa, 1P9. jJrtomUn-, 1G7. TabkofSptci- 
fcGTaviliti, 171. H'uCTi or Utuhiialiotui, n^—mSeJleclioaof, 175—/* 
ttTftnna of, 170. 

142. F1.CIDB, or liquiili, are cliaracteiizcd b 
muleculea on eauh Dilier. by whioh tliey ore 

Ibrm lika solids, always assuming itinlofibe veaseia contaioing tncm. tmiiia 
obef all tbe laws whish bare been eipliiined in Ibe preceding chapters, with 
Bueh modificalionH ne depend upon ilidr ijioltiiulHr consiimiion. They obey 
most Btiictly the attraction of gravliadon (3S), and are capable of assutning 
motion, in the same manner as Bolids, in cases wliere the ready molulity of 
their particles on each other does not inletfere. A mass of water, or olbei 
fluid, in dliing from a given height, would produce effects as important as an 
equal mass of any solid, if no opposing causes existed; anil the reason why 
no one would fear the falling of a pailful of water on his head from an ele- 
vation, capable of giving to the pail itself a degree of momentum sufficient [0 
fracture his skull; is, that in falling, the water is opposed by the air, and, from 
the ready manner in which its panicles allow of separation, it becomes di- 
vided intoa kind of irregular sliower, pro<1ucing no effects likely lobe dreaded 
from their mechanical violence. If the particles of water were tied together 
b; increased attraction of a^regaiion, as by freezing, then its mechaQical ef- 
fects would be as serious as those of a mass of stone. 

143. Fluids have been divided into elastic and non-elastic: a distinction by 
no means well defined, for it is quite impossible to draw a distinct line of de- 
markation between those fluids which, as water and alcohol, are but slightly 
compressible, and therefore but slitihlly elastic; and dtose which, like air and 
all gases, admit of ready compressibility, and eonsequendy are endowed with 
H considerable share of elasticity. The properties of the one class are com- 
mon lo the otlier, with but slight modifications. We shall, therefore, first 
examine the physical characters of fluids getwraUy, reserving for the ensuing 
chapter a consideration of tile properties peculiar to the eminently elastic 
fluids, or gases. 
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Fig. 87. 




144. Liquids, properly so called, of which water may be taken as the type, 
are but slightly compressible ; this character indeed was for some time doubted, 
as the celebrated experiment, performed by the Florentine academicians, of 
enclosing water in an hermetically-sealed ball of gold, and causing the fluid 
to percolate the pores of the metal by pressure, was for a long time consi- 
dered conclusive on this point, although all that it really proved was the porosi- 
ty of the metal. From the experiments of Canton, the com- 
pressibility of water under the pressure of our atmosphere, 
equal to fifteen pounds on each square inch, was estimated 
at 0.000044 ; whilst Mr. Perkins has lately estimated the 
ccHnpression under the same pressure at 0.000048; and 
Professor Oersted, by means of an extremely accurate set 
of experiments, has fixed on rather more than 46 millionths 
as the degree of compression experienced by a given bulk 
of water, for each additional pressure of our atmosphere. 
The apparatus used by Professor Oersted consisted of a very 
strong glass vessel abcd, having firmly cemented into its 
upper part a short iron cylinder sf, in which a piston o, 
capable of being moved by the screw h, moves air-tight 
A bottle K, into the neck of which is firmly fixed a capillary 
tube L, furnished with a scale graduated into fractions of 
an inch, is placed in the glass vessel, abcd. By a previous 
experiment, the contents of the tube l as compared with 
the bottle k are ascertained. In some of the tubes used, 
one inch in length held 80 millionths of the contents of the 
bottle. The whole apparatus, bottle and tube, being filled 
with water, or other fluid whose compressibility is to be 
determined, the screw h is turned, the piston o descends, and the pressure 
being communicated through the fluid in abcd, the contents of the bottle k 
are compressed, the amount of compression being measured by the descent 
of the flluid in l. The compression of the fluid is shown by the descent of 
a bubble of air in the tube, entangled in the upper part of l, before placing 
it in the larger vessel abcs. By means of this apparatus. Professor Oersted 
determined the compressibility of the following fluids to be for each addi- 
tional pressure of an atmosphere (190) in millionth parts of the whole bulk- 
Mercury .... 2.65 

Alcohol 21.65 

Water 46.65 

Ether 61.65 

The compressibility of liquids is also proved by Fig. 88. 

the fiunt elasticity they really possess, shown by the 
copious scattering of drops in all directions, when 
water, or any other liquid, is poured from a height on 
a smooth surface. A vessel filled with a liquid gravi- 
tates, in common with its contents, towards the earth ; 
the fluid gravitating also independently of it, as, on 
piercing a hole in the containing vessel, it escapes 
towards the earth. 

145. Liquids, on account of their extreme mobility, 
are capable of communicating pressure exercised on 
them equally in every direction, a property constitut- 
ing the most interesting characteristic of this class of 

bodies. Let abcd be a vessel containing a liquid destitute of weight, and 
therefore theoretically unacted upon by the attraction of the earth ; and let 
the shaded portion p be a solid piston, also destitute of gravity, moving air- 
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ti^t in *e, and rxitMy covering the Bnrrace oC fbe tiquiJ, Now, aa p ii 
wiilioul weigh!, il doei not press apon llio fluid, and tho aides of Ihe Tesael 
may bo pioroed wiihoiil its escaping. But if we pJace on p a weight of 100 
pounda, il win attempt w desoeod, and wonld reach the bottom of the vessel 
ware it not opposed by Iho water. Accordingly, the upper layer of fluid x 
becomes proKied by the piston, and would fall, if not supported by the sobja- 
qenl stratum y, ^('llich thus in turn becomes pressed ; fliis acts on &e layer z^ 
imd thii on die sabjscent layers, ttansmittlng the preeinre exerted lif the 
weight with which the piston is loaded to the bottom of the vessel. And as 
the whole base bd supports the pressure of 100 ponnds, it follows that one 
half the base supports bat 50, and -01 the bnae but one pound, &c. From 
these considerations we may saiely infer that, 

i. Pressure ia tranamiited by fluids from above » below, upon horizontal 
sorfaces, without becoming diminished. 

B. Il is equal in every portion of the fluid. 

c. Il is proporlioned to the area of tho surface pressed. 

I4fl. The Btime phenomena will he observed at the sides of the Teeseliam, 
^ if any portion of it be perforated, the liquid rushes ont, providing the 
weight of 100 pounds Mill ooolinues to act upon the piston ; and if a potlioD 
of oae of the sides of Ifae ressel be cut out, equal to the area of the piston, 
the force reijiiiced to be applied to Icoep the fluid in the vessels would be foand 
to equal that pressing on the piston r, or 100 pounds. Finally, if a pertbra- 
lion be made in r itself, die preastne still continuing, the liquid rushes from 
balow, and escapes in a jet d'eau, proving satisfnetorily thai Hqvidi transmit 
jbrta aditig upon them, t^alfy in aU dfrectiora. 

1*7. Liquids can nevar attain a perfect aiate of rest, and be in complete 
equilibrium, unless the parlicIeB in the upper and Biposed layer form a sut^ 
Sioe perpeDdiculat to the forces acting upon it; and every molecule of the 
mass of fluid eiperiencea eqnal and contrary pressures. To render the first 
condition intelligible, lei atfk be a vessel full of water, or other fluid; to at- 

perjiendicular to the forces ggg, rcprcscnling the directions of the eanh's 
attraction. If, instead of forming a level surface, the fluid be supposed to 
describe a ourve, abtdi, a small horizontal layer, as the line bd, will be pressed 
by the weight of the molecules above it ; Ibis pressure will become trans- 
mitted laterally (154), and the molecules of fluid at b 
Fig. 89. will be acted upon by (his lateral pressure, and pushed 

outwards, because there is nothing to oppose this action ; 
immediately other particles take their place, and being 
acted upon in a similar manner, become pushed out in 
their turn ; and this efiecl continues until all that portion 
of Quid standing above the horizontal line bd, becomes 
drawn down to Ibrm one level sur&ee, and then the curve 
bed vanishes, and an horizontal surface, eitending from 
a to t, perpendicular to the forces ggg, ia produced. T]ie 
fluid will then be in equilibrio, providing the second con- 
dition obtains, that every molecule in the interior of the 
mass of fluid eiperiences equal and conliory pressures. 
That this is the case is evident, for every panicle of 
fluid receiving the pressure of those above it tends, in 
consequence of Ihe equality of pressure (145), to trans- 
mit it on every side; and if the pressure on two sides of the panicles be un- 
equal, it will be acted upon by the strongest force, and continue to move unil! 
it has attained a silualion where all the forces acting upon it become equal. 
The only exception to the law of ilie level surface of liquids arises from the 
capillary attraction, or repulsion, eiorted by the sides of tlie vessel (25). 
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148. W« hKwe ■■ beaiitifU example of the truth of the law of eqnilibrium 
«f flmdi 0^^) ui ^ figure of the Bur&oe of ooeans and seas in a calm state, 
hf triikh the oanee of their aoperficial curvature becomes immediately- appa- 
lent. We know that^ in common with everything belonging to oiir globe, 
liha MU obey die Ibroe of gmvitation; and as this is exerted ftom the centre 
ef the enzth (38)i the oeeans and seas necessarily assume the spherical form, 
hefwte thia ie the onlj figure whose sut^k^ is perpendicular to all the radii 
wniting fiom its centre. On this account, where a standard place of obser- 
Yetnn is leqoiied Sat Yery aooorate barometric or other experiments, so as to 
enaible ofaserrers in diffuent parts of the world to compare the results of their 
'ol»ei ralimii) the level of the sea, or a given distance above it, is always diosen. 
The ooly considerable exception to the perfectly circular outline of the seas 
and oneenw> axises fimn the centrifugal force generated by the rapid rotation of 
the earth (59). Among minor causes afiecting the regular curve surface of 
the great mass of water on our globe, may be mentioned those which arise 
finom eertaln physioal featores of the earth itself; the mountainous elevations 
on its aoiihce attiactinA b|y lateral gmvitation (41), the water of seas and 
eoeans ttwraid s them. If die mountains of the Cordilleras were about 100 
times higher than they axe^ the seas would, by their attraction, be elevated into 
liqidd numntaiDS on bofii sides of the coasts of America, and the ports of France 
and Japan be left dry. The peculiar directions of winds and currents are 
soorass of distnrfaanoe to an important extent, causing elevations in particular 
and isoiated masses of water; thus the level of the Red Sea at high water is 
mom than thirtj'two feet higher than the Mediterranean. The level of the 
PMaficat Gallao is more elevated than the ocean at Carthagena by twenty-three 
fteC; whilst the ooean at Dunkirk and the Mediterranean at Barcelona are at 
fin ssoie eleviUion.* 

149. I*he purassore of a fluid on the bottom of the containing vessel is al- 
together independant of its shape, and it equal to the weight of a mkimn ofjiuidf 
nker Aosr tM ths 9ame a» that rf tAs contaunng veetel, and uihote height is equal 
UtkattftkMcomtmmdfmL 

Fig. 90. 
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The best mode of proving this statement is by means of the apparatus con- 
triTed by Bfi- Haldat, consisting of a bent glass tube abc, having at ▲ a collar 
eeoientedf into which vessels of different shapes, dkf, can be screwed. The 
tnbe ABO is filled with mercury up to the level of the dotted line ac, and the 
tnbe ep fixed into c The cylindrical vessel n is then screwed into a, and 
witer poured in as far as A; the base of the column of water will of course 
be eqoal in area to that of the surface of the mercury in the tube ▲. The 

* Pooillet, Phyeiqae, p. 119. 
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meiouiy will then rise (o a oeitain height in B, as pj in oonaeqaeius ar ilia 
jirrssure of the watBi in n on ihe aurface o( the mercury in i. Then aaacrew 
D and Qx on i the conioal vessel E, and pour in wbIht nntil it has aicaiiied 
the Bnme vetticel hpighl aa in d; on ei:uiiining the mercury in s, it will be 
found Bt the same point p 8S wh^n the cylinder n was luied on i. Bemove 
It and replace ix hy r, and on pouring in "water to the same height, Ihe mer- 
amy in s will atain the same elevation as tefore. Proving SBtisfactorily that 
Ihe pteaaure exerted bjr mBssea of floid ii quite independent of their qnanillir ; 
fbi ihe pressure was the aame when either of the differently sized veeseli 
a, K,-'r, were used, each fxintnining very difierent quantities of wnler; in each, 
however, the actual base formed by llie sutiaceof the mercury, and Ihe height 
□f ibe column of water were the some, and the presauie, as above slated, 
varies solely with the vertical height, and area of the base, of the column of 
fluid. In Ibe CB»e of the funnel-^aped vessel s, tho inclined sides snppott 
part of the weight of Ihe fluid. 

150. We may readily calculate Ihe amount of fluid presaare on Ihe bases of 
oonlaiaing vessels, by setting B for Ihe base of the column, D lor its height, 
and n tor the density of Ibe fluid. The pressure upon the base B will be 
equal toBX'X^i'o'BXB will be equal to ibe volume of the fluidj 
and 10 have the weight, this produci must be multiplied by the density n, 

151. From thin law (149). we are enabled, with a given bulk of fluid to 

of a vessel. For, with a quantity of fluid ^ r, a oerlain amount of pressure 
can be exerted on a pveO area, when the VBrtioalheighlorihe fluid is ^ A; 
len times thai pressure can be produced by nnrrowing the capacity of the ves- 
sel so thai the vertical height of the fluid may be = 10 A, and conversely Ihe 
pressure may be lessened to j'^ by so inclinmg the sides of Ihe vessel that tbe 
TeitJcal height of Ihe fluid may be only = ^^ By availing ourselves of this 
law, a cask may be readily burst by means of hydroatalic pressure. Far this 
purpose Id a cask be filled -with water, and a mhe about twenty feet in length 
be uemented into the bung-hole. On pcnu-ing u-nler into Ihe vessel, pressure 
is exerted, equal to Uie area of the vessel niuliipiieii iiy the heifcht of die 
column of water in the pipe, and a degree of force suffidenl to burst the cask 
with violence is generated. The well-known philosophic my, Called the hy- 
drostatic bellows, illustrales the same fact: this consists of two boards con' 
nected loosely by strong leather ] into Ihe upper board is fixed a long glass 
tube, and on pouring water into the latter the boards become separated, even 
when previously pressed together bya considerable weight. In this maimer, 
when the space between Ihe boards is nearly filled with water, and a man 
stands on the upper board, an ounce of water poured into the pipe will exeil 
sufficient force lo elevate him considerably, notwitlistanding the weight Ihs 
fluid pressure has looveroome. 

152. In accorctanoe with ilje general law of fluids 
Fig. 91. exerting pressure equally in all directions, it follows 

tlial every layer of fluid presses as powerfully upon 
every superposed stramm, as it does upon all subjacent 
ones. Thus it is evident that all the particles compos- 
ing any particular stratum of fluid, as n^i, must be 
pressed upon by all above them, in the same maimer 
as if they supported a solid piston equal lo the fluid 
masamimp. If ilien we regard a portion only of the layer 
mp as ab, we can readily understand that this is at once 
pressed from above downwards by Ihe column if cai, and 
,from below upwards by an exactly equal force, in such 
a manner that, if a solid cylinder were immersed in 
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tha Said with tti faaaa rartiiig on ^ Ae upward pTM- 
Mn« WMid tmd to Ihmw it out oT tfa* fluid. Th«e 
■ mar b« readily Terifled by 
ig of a itoul glow tube, 




and n^nad m Mbi bf the Mriiig r. On immeiBing 
ifwiriwle in a tmmI filled with WHiec to «. the plate 
will ba pr— wd apiiut die mouth of the tube by the 
opwudpNMore of the fluid. If wmter be then poured 
ian g antil it neailj leeohee the eilemal level im, Uie 
pkM will oktej tba attmotioa of gntvitaiion, and liill lo 
llMfaatMB«(tlie TeMel,a« the upward pressure of the 
waMT faelow the plate a, becomeB neutralized bf the 
dowawwd pieMtna oTtbe water iu the tube g. 

193. Od Boooimt of thia upward preanue of fluids, if 
abolabeiiMdoia diebMtomof adiip thowaier ru^ee 
is; ta sfieotnaUr oppose whksh, a ton» must be sp- 
pUsd,eqiai toibe weight of a coliuno of water, whose 
ban iaoirtlie samoana as thatcf the aperture in the 
TMM),aiidwlKiMleDgdii«eqtMd to the depth of the hole fhnn thesarftceof 
Iha waiM. HoDOts id Tesaele of large draught, the keels should pouesa oon- 
rtJwabla Mranglb to enable them to oppose the upward preasiu^, exerted by 
tha watar in whioh thej float. 

1S4. JkM a oonseqnance of the law of equal pressure, evety portion of tha 
ridaa of a oonmiidiiB TeMsl is exposed ta pressure, oor- 
wtapoaSat <o the WDight of the Suid pressiiig agsinal it Fig. 03. 

IJI tb* TWwl of water, add, if a particle of fluid situated 
M B b* flBMli by Ibe odnmii of water la, it will for 
HMon* almdy MM*d, be at the seine time pressed np- 
Waida (19S) bf an equl fbroe, and this pressure will 
ba WTiiinrnnl'Ti itfnl iMMally k> the panicles lymg on the 
■MM bateaiMl l^er between ac and an. Thus every 
paint in dM (icleamrtbe Tossel is pressed with a force of 
tba mm» tntsiuily, as that with which the fluid panicles 
rnnliinail in Iba boiiaoiital tayer coTresponding to it, are. 
Am a (snefal nde, tha pressure mpptntad by the sides of 
a -~— '"i-g TiMtl is equal to the weight of a fluid oo- 
Inmn, banns fix its reitical hugfat the depth of the cen- 
tia sf granty of tba aide below the luifece ; and for its 
baM^ a muAe* aqtal to that of the dde of the Teesel. 

IHl Tba lateial preaeare increases with the depth 
of (be ftddj tot In the vesae] KAiiaB the fluid oolumQ 
aa tnnwnits iti prsssnre (1S4) to the horizontal layer 
•■ ID ■ : and Iba eolomu ar pleasing upon the layer 
i«,ha*ili tmenanamitiedby Tstoe-, then the prea- 
■Da at • niDSt ba greater than at n, because ai is 
kOfMdMn Mk Thwefbte the formula already given 
Im cakalaling tba ptcasura on the buse (ISO) will 
-^plf ttlha lUeral pressure; letting a represent the 
aide insuad of Ifae base of the veeseL 

lo a vewel of water of S feet deep, the pressure on 
a square inoh of lateral surface at 

1 foot deep, will be ik j pouttd 

3 =1 

3 =11.. 
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150. When the prewure upon the bose' of a cubjc'al vessel of waler is 
llie latrntl preanire cun bo reodily cnlculaled, lot Ihe pressure u)>on : 
■ida of H cubicBl Tpnel, flllttl wiih fluid, is one-hBlfof the pressure 
base. For the bottom sti^latna a presaura equal to the wliDlo weigh 




fluid, and the preuura analnined hr tbo «Ue u eqiod ID tbe wco^t of Uti 
prism lacpRT, whidi is half lbs cube,* and Ui a t e fa * eqaal to half tke t»e» 

sure on the bene. 

From lliia fact Ibllolva lbs lemB.Asble droDiruKnce that die fluid, in a 
cubicBl vessel, produces a total aiDOanl orptenure three timea as great as iw 
own weight ; for if the latter be ^ 1, aod as upon eaidi of the fbur sidet it 
produces a pressure equal to h^f that on the base, i X 4 ^ 2 ; and npou 
the bottom a pressure equal lo ilB own weight, the ttual prsi»uie exerted bf 
it must be 2 4- 1 1= 3. 

157. The point where all these pressures (14»— ISS), in a mam of fluid, 
are squall]' balanced, is termed the renin of pra mr t ; this wtmld be identical 
with the ccRtre of giaiity (46), if (he 
lower layers of &Did werenotcomprened 
by the weight of those above them, on 
which account it is always lomewhat 
lower than this point. In a vessel whcae 
sides are pBiallelr^rems, (be centre of 
pressure is founii by bisecting the hori- 
zODlal sides, by the line ab, and dividing 
SD into three equal portions by the lines 
tf; produce/ lo g, and ihe point where 
vill correspond to 
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158. When several vessels, of the same or different sizes, communicate 
ttqpether, the same conditions of equilibrium obtain, as when fluids are con- 
tained in a single vessel (147). Let ab be two differently sized vessels con- 
nected by the tube c, on pouring water into them up to the line U, it will be 
fcund to present a level surface in both : and the fluid in each will be at the 

Fig. 99. 




Fig. 100. 



aune eloTBtion ; for if the water in a, instead of being at 7, were at mnit it is 

cbvioDS that the layer of fluid pp would be submitted to unequal pressure* 

being in b pressed by the long column Ip, and in a. pressed only by the shorter 

eohunn flip, and consequently equilibrium could not exist (147). Therefore 

te partioles of fluid acted upon by the strongest force will move, and attain a 

eiBte of rest only when the level of the fluid is the same in both vessels. 

Tlui law obtains when the connected vessels 

piese u t the greatest variety in shape or size. 

If the tabes abcdst be fixed into a common 

neervoir, i.u, and water be poured into d, it 

will attain exactly the same elevation in each 

of the tubes, notwithstanding the difference in 

the figare and size. The only drcumstance 

introdncing the slightest exception to this law 

it oapillarify (22), by which, if one of the 

tubes or Tessels in the above figures be very 

narrow, the water, or other fluid, will have a 

tendency to rise to a higher elevation than the fluids in the wider ones. 

159. The above law applies only when the communicating vessels are filled 
with the Bome fluid; for if fluids of different densities incapable of mixing, 
as water and mercury, be used, the elevations acquired by each will be found 
to be io the inverse ratio of their specific gravities (10, 162). Let mercury 
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■ imtil the horirontal surfHCu c lie- 
KT into », Buil it will be (bund tba), 
10 rise (be mercuiy in i to the heigbl or one inch, a column 
□f water, ralber more tban 131) indies high, will be requiied 
ill B^ in consequenco of the aperific gratil; of meTcoi/, b9 
compared lu water, being B» 13'50 to I. 

IGO. When a solid is immersed in a fluid, il displaces a 
qntiDtilf of the Isttet equal to its own bulk, a legitimnle con- 
sequence of the impenotrabilily of matter (2). If Ibis quan- 
tity of fluid be li^ihtec than tlie solid, the latter will eink, but 
if heavier, ii will swim : Ibis Las been Blready alluded to (43). 
But if the flaid disptaoed be the same weigbt as the immeraec! 

position it be jilacedi a ciicumnonce arising from the fores 
of graTitation acting equal!/ npon the sohd and the fluid dis- 
placed, the qunnlitios of matter in each being equal. Fishes appenr to be 
in diia state of equilibtiiim when immersed in Ibeir own element; and 
fbt the purtiose of enabling them to preserve tliis elate at diflerent depths 
they are prtn-ided with an air-bladder, by compressing or expanding whicb, 
thef are enebled to tauae their bodies to acquire the same density as tbal of 
the water in which they live. At a very great depth, tbe air in this ait- 
blBdder becomeB considerably condensed, and on suddenly rising to the Eurfiice 
it eipandi; and it occasional !y happens that ibis takes place with such force, 
that the ronacular elTorU of llie ntiimal are unable to control it, and the oi^n 
ij Tuptured, cauiting an extravasation of air into the surrounding tissues. The 
bTdtoalatic toy known as the Cartesian devils, in which a hollow gloss flgure, 
portly filled ifrith water, floats or sinks in a vessel of water by pressing the 
piece of caautchouc with which the latter is covered, is a popular illusliatiDn 
of these fnets. Let iB bo a glass vessel filled with water up 
102. to en, having a bitle flgure of thin ^lass, as a balloon x placed 

^ in it, prpvioHsly allowmg enough water to enter th? balloon 

to render il nearly of the same density as the water in IB. 
A little opening exists at the lower part of s so as to allow 
water (o enter or escape from it. Over^e muuth a is ttsd 
a piece of sheet caoutchouc. If ■ flonCs to no, and the gOTST 
A be pressed inwards into the jar, the air above cb will be 
compressed, the pressure will be conveyed through tbe water 
lo the air contained in i ; this will consequently be comptess- 
ed into a smaller bulk, and enough water will eniei ■ to ren- 
der it heavier than tlie water, and it falls to b. On removing 
the hand and taking off the pressure, the air in ■ expands, 
expels the water which had previously entered it, and il again 

ISl. The well-known bydrostalic principle tbal solids, immersed in fluids, 
displace a quantity of the latter equal to their own bulb, was first observed 
by Archimedes, who studied il with no less industry than success. This sage 
moreover discovered that a body, when imnwritd in a fluid, lota a portam of ill 
aeight iguat to thai of the diMptactd fluid. The most ssUafactory mode of proving 
tbe correctness of this important law is, by suspending from one of the arms 
of a balance a hollow cylinder, D, having a cylindrical mass of any substance, 
A, capable of exactly fitting into it, hanging from it by means of a thread. 
Place weights in the scate-pan H until the solid cylinder a and the hollow one 
D are exactly counterbalanced; then pour water into the vessel c until A is 
completely immersed, and immediately the pan B will preponderate, the solid 
cybnder appearing lo have lost a considerable portion of its weight; (hen 
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poor water into the Tessel d until it is quite full, and as soon as this is done, 
the balance will once more be in equilibrio. Now, as the cylinder d is of 

103. 




anch a size that the solid mass ▲ will exactly fit into its interior, it follows 
that the water with which d is filled is precisely equal in bulk to the solid a ; 
proving most satisfactorily that the apparent loss of weight suffered by a, on 
being immersed in water, is precisely equal to the weight of a mass of fluid 
equal in bulk to itself. The apparent loss of weight of the mass a, observed 
on immersing it in water, arises from the upward pressure (152) of the fluid 
supporting the immersed solid, and opposing, to a certain extent, the attrac- 
tion of gravitation (38). 

162. The principle of Archimedes (161) aflbrds a ready mode of determin- 
ing the Mpec^k density or gravity (10) of any substance; for when a body is 
immersed in water and weighed, it, as above stated, suffers an apparent loss 
of weight equal to that of its own bulk of water ; then, by knowing this weight 
as well as the absolute weight of the body when weighed in air only, we have 
all the elements for calculating the density of any substance. For the density 
of any substance is equal to its bulk, multiplied by the quantity of matter, or 
Dumber of atoms that it contains. Water is generally taken as a standard to 
which all the specific weights of bodies are referred, and its specific gravity 
is assumed as 100 or 1000; thus, if a body is said to be of specific gravity 
11*50, all that is meant, is, that a quantity of water, weighing 1000 grains, is 
exactly equal in bulk to a mass of the substance weighing 11 50 grains. A cubic 
inch of water, at the temperatiu-e of 40°, weighs 252*953* grains, and a cubic 
loot 437102*4946. To obtain the weight of a cubic inch or foot of any sub- 
stance, it is only necessary to multiply its specific gravity by the weight of an 
equal bulk of water. 

163. The best mode of ascertaining the specific gravity of a solid heavier 
than water, is to suspend it by a hair, or piece of fine platinum wire, from a 
hook fixed in the bottom of one of the pans of a balance, and by placing weights 
in the opposite scale ascertain its exact weight, then immersing the solid com- 
pletely in water it will appear to lose weight (161), and ascertain its exact 
weight when thus immersed. Subtract the weight of the substance in water 
from its weight in air, and divide the latter by the difference, the product will 
be the specific gravity required. The rationale of this process is suflSciently 
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iture of 629 the cubic inch of water weighs 252*458 grs., the loffarithof 
19. 

10* 
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abriOBt; the oxhcI wei^t ofttae body is first Iraralby weighing it in air; bjr 
UMIttiaing iu weiglit when immeried in wstei, and lubUiu^ung ibis iiom 
iU wsigbt in air, we le«m the weigtil Ufa laaie o( waler cquai in bulli to llie 
ttadfaDdcr examination, and by dividing the actual weighiof the boily by iliat 
of Bn equal bulk of water we ascoiuin the relatiun they liear «j encli oiiier. 
■ Ex. A piece of copper weigheil in air 2047 grains, and in water ■2Ui4 
iniiu; then 3047—3934=93, and 3047-^.33 = Ii9, water being 1-0, hence 
the copprr was 88 limes heavier than an enuai bulk of water, 

lU. If the Bubetanca be lighter tban water, tie il tu a piece of any heivf 
•olid, whose weight in air end water ii luiowa, siiBicianily lai^e to sink it in 
WBler. 'Weigh the compound both in air and water, and ascertain the loss of 
weight; then, knowing the weight lost liy weighing the heavy body by itself 
in water, oaceriain the dillerence of ' 
die weight of the light body, the r 

boaUe of lliia ptoeess is very plain, lor last josb a ^ tne weignt oi a 

quantity of wntei, equal in bulk to Ihe hei and light bodies together; and 
&e flnt 1d9! is ^ the weight of water, eq in bulk to the heavy body, and 
conteqne-nily Iheir difference is equal to th^ .reight of a mass of water of Ihe 
NUne bulk oa the light body. 

Sx. A substance weighed in air GOO grainf, tied to a piec« of copper, it 
wn^ied in ait 3(547 grains, and in wnlet aiWO grains, sufiering a loss of weight 
of 637 grains. The copper itself losing 33 grains when weighed in water; 
then 600 ^ 604 = -093, the specific gravity of the substanoe. 

169. If the solid be soluble in water, it must be weighed whilst immersed 
111 lODie fluid incapable of iliseolviog it, as alcohol, oil of tuipenline, &c., and 
iti ipociSc gravity aa ooDipared widt the fluid aacerlained. All thai is re- 
quired to determine its density willi regard to water, is to multiply the specific 
gravity fhiia found by that of the Huid employed. 

Ex. A subatnnce soluble in water was wci^hefl in oil ; ils epeciflc gtnviry, 
MDOmpBreil lo oil, was founil to be 3-7. The specific gravity of the oil was 
0-S and 3-7 X 0-9 ^ 3-33, the specifia gravity of the sabManoe atjxmptaed to 

160. The speciOc gravity of a fluid maybe discovered in seveml ways; the 
readieat mode ia to compare the weights of equal bulks of distilled water and 
of the Quid whoae density we ore seeking. For this purpose take a phial of 
convenient size and carefully conni^poise it. Ascertain flrat the weight of 
water required lo fill ii, and then the weight of the game phial full of the 
fluid under examination; and, on subtracting from the latter the weitditof the 
bottle, the weighiof the fluid will be ascertained. Divide the weighiof the 
fluid by thai of the water, and the qnolienl will be tlie apeclBc gravity. 

Ex. A counterpoised bottle held SOO grains of water, and 412 grains of 
slcohol, then 412 -j- 500 = 0-S24, the specific gravity required, for 500: 
]000::412;824. 

106. Another and very convenient mode of finding tlie specific gravity of 
a fluid is founded directly on the fact of solids riisplacing a bulk of fluids 
equal to tlicii own (161). For this purpose lake a glass bell whose loss 
when weighed in water ia known, then weigh it while iraineraed in any 
other fluid, and, subtracting this from the weight in air, ascertain Ihia fresh 
lOBs in weight. Then its loss when we^hed in the fluid, divided by ils loss 
when weighed in waler, will be the specific gravity required. 

Ex. A glass ball loal 30 grains when weighed in water, and 24 when 
weighed in alcohol, and 84 -^ 30 = 0-800, the specific gravity of the fluid, 
lot 30 : 1000 : : 34 : 800, 

167. The apedflc gravity of fluids is frequently very conveniently ascer- 
tained hy means of the gravimeter, areometer, ot hydrometer; 
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mode of aelion depoub upon the ftct of solid* of a given weii^t ank- 
Sag deepflc in li^it^ tfaan in boATy floidt. 

Thete insmmientt •■» idbde of Tvioas materials, as metal, iTOiy, and 
giMi,«nnnwllng to Um» ums ftr whksh tfaej aie intended. Their 
■olion is alwmjtf conflned within a Yerj limited range, unless 
diflj an of inoonveiiiait length, and their indications are hy no 
meant mathematically coneot, still, fat very many practical im- 
portant purposes Ifaey aie extremely usefiiL As instruments of h^ 
this elaas aia fteqnently nselh] to the physician in his exami- 
nation of eevtain aninud secretioos, it will be not altogether Uj^ 
nselew to deee ri be the mode of graduating them. Procure a 
thin ^BSB tube blown into the shi^ of the figure ab, and from 
thvee to 5 inches in length, plaoe in the narrow part of the tubcAc 
a thin slip of paper, and iNmr in mercury until, when immersed 
in «*i— iti**! water, the whole instrument will sink to within 
half an inch itf* its top. Then thrust, by means of a wire, a frag- 
ment of oork and a few pieces of sealing-wax into the smaller 
tnde b; by holding it near the flame of a candle, melt the wax, 
and then allow the wholeto oooL In this manner the mercury 
will be kept in the ball a, without any danger of its fiilling out 
on InTorting the instrument Replace the tube in distilled 
water, and vaiy carefully mark with a file, the point where the 
•tem^A is intersected by the snrfiKse of the fluid; let this be a, then immerse 
it in a eolation of sah, whose spedflc gravity is known; suppose this to be 
ijOdO, and mark with a flle the pcnnt where the stem is intersected by the 
enrftoe of the solution ; let this be 6. With a pair of compasses take the dis- 
taaoe aA^ on a slip of paper of the same size as that prerionsly placed in ▲, 
and divide this into thirqr equal parts, and from the same scale divide the 
whole length of the paper umil it has sixty equal parts marked upon it ; and 
nanber theee in fives ; distinguishing every tenth division with a darker or 
kmger line than the others. Then introduce this paper into the stem ▲, in 
plaoe of the first pieoe^ and push it down until the mark a corresponds to zero, 
or on the paper scale ; when this is done the latter may be retained in its 
plaoe fay a little varnish or gnin: and the top being closed by the blow-pipe, 
the inetrament is completed. To ascertain the specific gravity of any fluid 
by it, immerse it in the fluid, and note the graduation to which the level of 
the flnid oorrasponds, add 1000 to this, and the product is the specific gravity 
of the fln&d wery nearly; thus, if the stem sinks to 15, the specific gravity of 
the fluid is 1015 

168. It must be borne in mind that, in all experiments in which the 
object is to ascertain the specific gravity of bodies as compared to water, 
the latter mnst be distilled, and of the temperature of 60^ Fahrenheit. 
For 8i that flnid expands with every increment of temperature above 40^ 
FWhr., it firftows fliat very erroneous results will be obtained unless the water 
used in determining the densities of bodies be accurately of the temperature 
of 00* Fkhr. And if this be not practicable, a correction must be made by 
eolealatioOi so as to rednce the results obtained to the generally assumed 
standaid. For this purpose, the following table, exhibiting the specific gravity 
of water tbr vtery tempemtore from 37^ to 80^ Fabr., will be found of great 
service. 
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43 
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0.99950 
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0.99816 
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60 


0.99939 


77 


0.99803 
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1.00086 


56 


1.00031 


67 
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1,00083 


S7 


1.00024 


68 


0.99917 


79 


0.99774 


47 


1.00080 


S8 


1.00018 


69 


0.99906 


80 


0.99759 



To asceHain the mie tpecilic pavity of any binly which has been weighed 
in WBier of any tcinperalDre above or below 60° Fahr., we have only to mul- 
tiply its speoiflo gravity ■» found by eipeiiment, by the speciflc gravity of 

Ei. A flubstaiioe was weighed in vatfi at the tempeniluie 43°, and its 
speoilio gravity tbund lo be 6 20. Tbiia its true gravity, at ihe lerapecatuie 



if 00°, 



S20 X 1-00093 s 5-804784, 



169. The specjOcgmritr oTa gu ii uosrAiaedin a >inilsT mannertolbM 
of a liquid (160), only the standscd of ootnpBnBtMi » changed, atmoaphetic air 
being here assumed aa nnily, or, lo avoid dsoimahi, 1000. Let a copper or 
gtaaa flask, furnished with a good slop-oock, be weighed when filled with ait, 
and then after being eihaustsd by means of an air-pump as periectly as poa- 
■ible (1 93) J the diOerenoe of these weights will give the weight of air con- 
tained by the flask. Then fill the flask with the gas under eiamination, and 
carefully weigh it, this weight mMvs that of the flask will give the weight of 
the gv- The weight of the gas divided by that of the same bulk of air wiU 
give uiG speciflc gravity of the foimer as compared to the latter. 

Ei. A glass flask, carefully counterpoised, held 5-7 grains of atmospheric 
nir atid 540 grains of oleflant gas; the specific gravity of the latter was 



5-4 J- 6-7 = 0-983, for 5-7 : 5-4 



: 1000 : -982, 






ing the specific gravity of gases, they should be carefully freed 
e by being passed over recently ignited chloride of calcium ; and 
ILie results obtained corrected for temperature in the manner described in all 
chemical works. 

170, The following questions will illustrate some practical applications of 
the knowledge of the speciflc gravities of the bodies. 
A. What is the^eight of a cubic inch of copper! 

The specific gravity of copper being 8-90 (171), or more eiaotly 8,879, we 

have, lo answer the question, to multiply thi? by the weight of a cubic inch 

of water, which at 02° is 252-458 grains; therefore, by li^arithms — 

k>g. 353-458 izi 2*40219 

log. a-879 = -94836 

3-35055 >i2241'5 grains. 
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& What li the weight of a onbic foot of marble, of specific gravitj 2^38, 
inoonoeaf ■ 

The Dumber of oancet which a cabic foot of water at 62^ weighs are 997- 
1360691, thia is generally assnmed at 1000 ounces to avoid decimals, then 
1000 X 3-838 HI 2838, the weight in ounces of the cubic foot of marble ; to 
ascertain the txott weight, we may proceed thus : 

log. 997-1369601 s= 2.00875 
log. 2-838 ss -45301 



3-45176 as 2820-8 ounces. 



171. TABI£ OF SPECIFIC GRAVITIEa 
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Chlorine 

Hydrogen 

NilrouB oxide 
Nil,og.n . 
Oxygen 

Sulphurous Bcid 
Sulphuretted hydrogei 



Cubic inch or distilled w 



0-S90 
1-537 

0-972 
a-500 



.grains 252-458 I 2.40219 

I ounces avoitd. . .997-1369691 2-99875 

ipoundsdiiU) 62-3310606 1-79463 

ir, in grains do 3049 I 1-48416 



Weighlof 100 cubic inches ofi 

173. Fluids BIB capable of assuming nndulatory movements similar to the 
■vibrations of solids (77), differing, bowerer, in some respects, in ronsequence 
of the different physical arrangement of their atoms. If a pebble lie allowed 
lo drop in the centre of some talm piece of water, a aeries of ripples will be 
generated, diffused eooeniiioally from ibe place of impact, and becoming 
wider and shallower as lliey reaoli ilie banli. On a small scale, ibese are 
best obserred by dropping a glass ball on the surface of a disbfu] of mercury. 
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Fig. 105. 



# 




mA 



At the point when tiie pebble toaohes the water, a depression will 

inoed; diw will, firom die ready transmission of an applied force 

lirections (145) produce a circular elevation of the water round ix, 

oiB of water thus elevated above their previous 

iU, in Ifaeir torn, fell, producing a depression 

.ext circular series of atoms. Thus the initial 

will be gradually propagated from the point 

jct, in a series of gradually widening circular 

nntil opposing causes allow the equilibrium 

l^ained. c will represent the depression pro 

y the pebble. 9 the elevated ripple surround 

a the remaining circle of depression, &c. The 

jicles represent the elevations, and the shaded 

I depressions of these circular waves. The 

of "water are thus merely moving up and 

onrrea, and are not really urged from the centre to the bank of the 
fafook, although it is difficult to believe at first sight that the water 
really move laterally. This will, however, be admitted on referring 
ibrations oi a rope (78), or after watching the motion of pieces of 
3L, on the snriace of water, they will move up and down with each 
It acarcely leave the place where first observed. These wave-like 
Its are not only propagated laterally, but in all other directions^as 
deed be expected, ftom the laws already announced (145), and 
ODinnwarda to a vertical depth equal to 350 times the elevation of 
nlation. 

lh entire undulation consists, as in the case of the vibration of solids, 
le of depression and elevation, and this may be rendered more in- 




Fig 107. 




I by conceiving a series of circular undulations, divided at ▲ c b, so as 
Dt a vertical section. The phases of elevation and depression will 
the series of curves shown by the line ▲' c' b'. The analogy between 
.nlationa of fluids and vibrations of solids will thus be rendered 

D-elastic fluids, the attraction of gmvitation (38) becomes the active 
I bringing the undulations to rest, whilst, as we have already seen, in 
» of solids, elasticity produces the same result 

The motions of undulations, when impinging against a solid are re- 
lack in accordance with the ordinary laws of reflected motion. 
ies of undulations, propagated from a centre o, and reaching a fixed 
BAf will be reflected from it in the same form and manner as if they 
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176. Ir two undiilntiotia meet, their reiultiDg moremem will vHiy according 
to iho circumaiancen under which ihej come in contact Time, if two undu- 
Inlions in the same phsso, traveling in the same direetian, meet, the resulting 
wave will be equal no the sura of the two seporate ones ; bat if these coudi- 
tioDS be reversed, to Ibeir difference. Thus it it quite possible for two waves 
of equal inlBusity, traveling in opposite direeljous, lo meet, and completely 
destroy each other's motion. This is termed the 
Fig. 108, islirfBtna of wana. The two equal aeries of 

undolations, propagated from the points a and 
B, will, ai the poinla where they mutually in- 
tsisect, interfere atul lose their motion, whilst 
in ihe inlermedinie spaces the water will be 
agitsled. 

177. When a series of imdulations impinge 
upon an obstacle in which an aperture exists, 
those which reach tlie opening will pass IhrouRh, 
the rest being reflected (175). Those which 
pass ilimugli, undergo a peculiar change in their 
curve, in conscquenoo of Btriking against the 
edges of the opening. 





Thus a series of undulations, ptopuEateJ from c and rencliing the opening 
*• in a iiied oUataclc, will Eje propagated through it, so as lo Bll the apaco 



«B>K. Ths carre of the eoncentrio waTes will be altered at nee, 4c, ftom 
the iaflneiioe of the edges of the opening tn, becomiag bent in the direction 
*c, Bndax, in the directffMi of tbe arcs of diclea drawn from xb leepectively 

177*. In consequanm of the ready reflection of unilulstione, ihey may be 
directed io any direction by means of properly-Brmnged coi]ca.Te surracee. In 
this way unduIatiaiiB genpiated in one of the foci i of an elliptic may have 
Ibeir conjoint^efieots propagated to the other, b, as shown in the subjoined 
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17S. TsK great moss of gaseous matter, surrounding our earth and extend- 
ing to a considerable distance from it, is termed the atmosphere or atmospheric 
air. This, like the denser fluids, obeys laws similar to those treated of in the 
preoecliDg chapters, with such modifications as its eminently elaslic character 
produce*. Like the less elastic liquids, gases obey the attraction of gravitation 
(38), and the conditions of equilibrium and equal pressure (146), explained in 
the last chapter. Atinospheric air freed from moisture consist^ in 100 parts, 
of 

MiUt«oO 79- '- . 76-9 

Oxygen - - - - - 21- ■ - 23-1 

A certain and variable proportion of carbonic acid and aqueous vapor, is 

always preaent in the atmosphere. As an average, il may be assumed that 

1000 pwti oi til oon«iat of 
11 
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WiKogon - ....... 7Sg. 

Oxygen ia7. 

Aqueous vapor - - - ■ ■ ■ -14- 
CaiboniE OL-iil 1. 

no. In conseiincijce of Ihe atmoBphere being confined lo ihe earih's surface 
bf gravitalion (3E), we Hud il much denser near the level oC iLe sea (U8), 
tbiin al any dUionce above it. As we ascend above the surrace o( the CHCth, 
the density of Ihe aimospheio nipiitly decreases; thus, at on elevaiion of 3 
miles, il is i the densily of Ihe ail on the eerlli'a surfaoe; at 6 miles it i> i; 
St 9 miles, i; anil at 1 5 miles, fy of that density ( 1 8S). The greateat pan 
of the atmosphere is thus evidently always within 30 iniles of the surface of 
the globe, allhough fmni certain astrooomic phenomena, it is Bupposed lo ei- 
tetut lo a djstaitce of 40 or '4S iniles; and here is, iu all probebilily, its utmost 
lin-iit. Dr. Wollaslon* bos shown that, at this elevation, the attraction of Ilia 
earth upon any one paiticle, is equal lo the resistance arising from the mole- 
onlar repulsive power of the meiUum. Another pioof of the finite eitent of 
the atmosphere is found in the fact of the sun, and the planets, being destilute 
of any similar media surrounding thera ;for if it isBUppo6odlo extend into inii- 
nils space, such large masses of mailer as the planets, must surely bnve caused a 
conaidetable portion lo gravitate towards them. Other phiioaopUerst have 
■opposed [hat the extreme cold of the upper regions is suiEcienl to prevent 
the inflnite expansion of the atmosphere. Dr. Dahon,^ reaioning on one of 
Newton's propDBitions,S has adopted the opinion of Wollaston. 

ISO. The extreme elasticity of gaseous substances arises from the intensity 
of their moleculnr repulsion, which, instead of being nearly eqirally balanced, 
01 exceeded, by ihe intensity of molecular attraction, as in solids and llguiils (8j ; 
tends continually to separate the atoms still further from each olher, and lo 
press against the sides of a vessel containing lliem-wiih suSicieni force lo 
Tuplure it, if sufficiently wenk, were Ibis effect not checked by eiternBl pres- 
sure (194, D), Unlike the far less elastic liquids, gases never present a level 
surface free from pressure, for they tend conlinually to expand diemsslves into 
space, to prevent which, actual force must be exerted. 

181. The weight of 100 cubic inches of atmospherio air, at 60° Farenheit 
sa<] ihe barometer at 30 inches, has been computed at 30-92 grains, by Kir- 
wan ; at 31-10, by Sir H. Davy ; at 30'S, by Sit G. Shuckburgh ; and at 30-199, 
by Mr. Biande. 

IBS. The atmosphere presses upon atl bodies immersed therein with very 

considerable force, — a force which would be suflicieni to crush animal sttuc- 

tures, if, in obedience to the laws of equal and contrary pressure (152). this 

effect were not prevented. Let a piece of 

» "K- J 1 1- bladder be firmly tied over the end t of the 

J strong glass vessel x b, it remains perfectly 

"at, and gives no evidence of any force 

ressing upon it, for the reasons abovestated. 

Tien place the lower part of the vessel on 

lA tne plate of the air-pump, and exhaust die 

W Bit from beneath the bladder (IBS); the 

upward pressure (195) which prevented Ihe 

weight of the almoaphere from exeiling ils 

effecl becomes removed, the bladder curves 

inwards under its influence, and allastgives 

way with a loud report. 

• Phil.TrBiH, IBM, p.OO. t Phil. Trnna, laa. 

t FUI. TraauLcIioui, 1896. f Piincipia, Book ii. prop. 9., p 3D3. 
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If a ptala of glsM were plaoed on a, instead of the bladder, it would, if 
MiflUS— it iy ^in, become liroken by the pressure of the atmosphere. This 
pwMiu ' e ity in lodnd numbers, equal to fifteen pounds upon each square inch 
of Murflwe (190). 

183. Atmoepberio pressure is exerted upon everything on the surface of 
oar ^obo, nothing is naturally exempt ftom its influence, any more than ftom 
BiKvtetioii, to which jibroe this pressure is indebted for its origin (180). 

If a tolerably wide glass tube ▲ b be partly filled with water and inyerted 
In Ao Tetiel o, filled also with water, the fluid will not fall in 
the- tobe bnt remain suspended at a higher level than that of 
die e x te rn a l portion, in appearance contrary to the force of 
gmTitation, of which it is, however, the simple eflect. For ihe 
•imoqihere, pressing upon the surfiu)e n x of the water in c, 
•on upon that in ▲, and keeps it elevated in the tube ; for the 
opporing pressnre necessary for its equilibrium, is cut off by the 
end ▲ being closed. But if we perforate the upper extremity 
of the tube, the pressure of the air becomes equally exerted on 
the water in ▲ and o, and aooordingly in each it acquires the 
Mune leveL If the tube ▲ b be of any length under about 
tfairtf4hree Ibet, the pressure of the atmosphere upon the sur- 
ftoe of the fluid in whidi its open end is immersed will be 
■nffident to keep it full of water, when it had been previously 
lilled with, and inverted in, a cistern full of that fluid 

184. If, instead of fliling and inverting the tube, the upper 
•nd be oonneoted with a good exhausting pump or syringe, and 

tiie air in its interior removed,^ die pressure of the atmosphere upon the water 
■ in die oistam, in which its lower end is immersed, will ibroe 
tluit Uqoid into its interior, up to a certain elevation, average 
ing aboot thirty-three feet* At this elevation, the column of 
water becomes balanced by the pressure of the atmosphere ; 
and, of coarse, any change in the pressure of the latter will 
be attended by a corresponding change in the elevation of the 
water in the tube, ibrming a barometer, or measurer of aerial 
prewnre. An inrtrument constructed in this manner, has 
been erected in the hall of the apartments of the Royal 
Sooieiy, and its indications are highly interesting and delicate. 
Water beiometers, in consequence of their length, are ex- 
tremely inconvenient, and accordingly the mercurial barome- 
ter is nniversally employed. 

189. Meicnrial barometers are constructed on the same 
prinoiplee as the water barometer, but the tube being filled 
with a fluid 13.58 times heavier ^an water, is required to be 
bnt Tf 'Vy *^^ .^ ^^''^ '^ ^^^ ^^ ^^ water-barometer. A 
edmnn of mercury, thirty inches in height, exactly counter- 
baleaeing, at avenge pressure, the downward force of a 
enh i nyn of atmospheric air of the same diameter. To con- 
•tmot a mercoria] barometer, select a glass tube a b, about 
tUrty-two indies in length, and fill it carefully with very 
pan meionry; then, closing the end b, with the finger, im- 
meise it in the vessel of mercury c. On removing the finger, 
file meicury in a b will fall to a certain distance, leaving a 
edimin, in the tube, of a height corresponding to the atmospheric pressure at 
flw time. 



Fig. 113. 
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• Boyle's works : Br. Shaw's edition, 1725, vol. ii. p. 486. 
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The Bpaoe above bd, nnailed wilh raereniy, is Ihe nearast np|»ciBch to a 
porfa-n iiaouum which ran lie procured by an ; for, on depretsing Iho end » 
deeper in the mpicury the whole tube beixunei compleii-ly filled j ihe Uuid 
metal again fnlljng on etevaung the tubs. The ppnce above dd conBina a 
tmall quantity of mercurial vapor, and ia lemied the Toiricellian vaciiiiin, 
from iu bavinit boen flnl ob«eived iii ilJ43 by Torrioelli, n pupil of Galileo. 
Tbe heiglil of the metcury in llie lulie, is always meoiuiat from tlia autfaoe 
of that in the ciaiera e ; and this elevutian is Ihe raeasiire of atmospheric 
pressure al the liiaB, The elevation aEsuineil aa the standard in this counlry 
ia thirty indiei, and lo this, alJ ineaBureruanls and weigbu of gaseous bodies 

Several modifloalionB of the barometer are in use, as the syphon, and 
wheel baromelerB ; their theoreiiesi action is the same as that of the Miaigtit 
tube above do»oribetL In Ihe otmslnicaion of tlieae inslrumenis, great caro 
is required in tieeing Ihe mercury from air; Ibis is beeleHeclcil by boiling tlia 
fluid metal, and introducing it inio the Uibe wbijal warm. 

I S6. When il it rer]uired to malie very accurate obecrvaiJiHie on tlie pres- 
sure of the atmosphere as iiulicated by the length of the column of mercury 
to the barometer ; core must be lalteii to make certain corrections for the 
temperature of the air as iofluenoing the eipansioo of the mercury. On tills 
acoount all eocuralely reported baromeltic cjjs^rvatiotis are supposed to be 
irmde at a fixed temperature, which ia generally that of itoeziag water, 33° 
Fah. To correct n barometric obsemition Ibr the dilatalioo of lbs merCBry 
bjr the heat of the air, wo must bear in mind that this metal dilates ynijij 
of iiB bulk for every degree of Fahrenheit's tbcrmomcter above 32°. If then 
we subtract the ten-Ibousandth port of the obai-rved altiiuile of the mercurial 
column, lor every degree by which the lemperamre of the mercury is above 
33°, we shall hnvo tlie true height of the rolumn HI a freezing tempetBiure. 
This correction ibr an obeenod elevation of 30 inches at a temperature of 
59" is -054 of an inch. 

The capillary repulsion (38), by depressing the lurftce of Ibe menairy, is 
anolbet source of error, and must be allowed fiir in the eatimatioa of the 
hsigfat of ibe barometer. This inoreases with th« deciesAa in the dituneler 
of tlie tube. Its amount ia shown in a taUe already given (31). 

187. To obtain accurately tbe mean diurnal height of the barcmeter it is 
necessary to observe Ibe height of the column of mercury every hour, dnring 
iweniy-four hours, and to lake the mean of diese observations. This tediuos 
process can, (o a great extent, be avoided; fbr a French philosopher, M. Ra- 
mond, has proved that at noon, the elevation of the meroury correepcsidB 
almost exactly with tbe mean diuinal beigbl. 

The column of mercury, in the barometer, undergoes seveml regular vari- 
ations in the course of Ihe day ; they ere termed horary varialkrta. From the 
observations mads at the equator by Baron Humboldt, the maximum eleva. 
lion takes place at nine o'clock in the morning; past this hour it becomes less, 
until four, or half-past four in the afternoon, when it attains ils minimum ; 
it again ascends until eleven at night, when it reaches its Beeond maiimum ; 
End once more descends to four o'clock in tlie morning, aller which it reas- 
cends until nine. Thus every day, the mercurial column is at ils lowest ele- 
vation at four in the morning and allernoon.and at its greatest, at nine in the 
morning and eleven in the evening. The amplitude of these variations is but 
small, being calculated by Humboldt at only 007874 inch. In Euroi>e, these 
horary variations become masked by changes of atmospheric pressure, de- 
pending upon accidental causes, which, at tbe etiuiitor, ars nearly without 
action on tbe barometer. As far as iJiese horary varialions have been ob- 
served in our northern laliludes, the maximum in winter appears to be at 
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nine in the morning, the miniraum at three in the a/lernoon, and the second 
niBzimam at nine in the evening. In the summer, the maximum elevations 
are at eight in the morning, and eleven at night; the minimum being at four 
in the afternoon. In spring and autumn, the times of these variations are in- 
termediate with those of summer and winter. 

] 88. Among many important uses of the barometer, must be mentioned its 
application for the purpose of measuring heights. As we ascend from the 
level surface of the earth, the column of atmosphere, pressing on the mercury, 
becomes virtually shorter, and consequently the fluid metal falls in the tube. 

The increase of rarity of tlie air, as we ascend above the surface of the 
earth, has been already mentioned (180) ; the following is a view of the cor- 
reaponding subsidence of the mercury in the barometer, at several elevations. 

At the level of the sea, the mercury stands at 30 inches, 

6,000 feet above 24-797 

10,000 15-000 

15,000 16-941 

3 miles above 15-00 

6 7-50 

9 375 

15 1-00 



Fig. 114. 
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Hence the subsidence of mercury in the barometer, as we ascend moun- 
tains or other elevations, aflbrds valuable data for calculaiing their vertical 
height. 

189. From the density of the atmosphere diminishing as we recede from 
the earth, we learn that gases increase in volume, as the force 
acting upon them diminishes in intensity. This has been long 
recognized as the law of Marriotte^ and is concisely stated thus : 
** tht vobunes of gates are in the inverse ratio of the pressures which 
they tupport.^^ The trutli of this is readily demonstrable : let 
some mercury be poured into a glass tube abc, having its end 
c carefully closed and by gently inclining it, let the fluid metal 
flow into the shorter leg, until it stands at the same level in 
both, as up to the dotted line de. The space c£ will, conse- 
quently, contain a certain bulk of atmospheric air, submitted 
to the ordinary pressure of the air through the open tube a. 
To compress this air into one-half its volume, pour mercury 
into ▲, until it stands at an elevation above the line de, equal 
to the height of the barometer at the time ; the air in c will 
thus be submitted to a pressure equal to that of two atmo' 
spheres; one, of the atmosphere itself pressing on the mer- 
cury in a; the other, of the column of mercury in the tube 
above n, which in an average state of atmospheric pressure 
will be 30 inches in length (185), and dierefore, equal to the 
pressure of one atmosphere ; and accordingly the air in c be- 
comes compressed to half its original bulk. This law has been verified un- 
der a pressure of twenty seven atmospheres. A necessary consequence of 
the law of Marriotte is, that the density of gases is in proportion to the pressure 
to which they are exposed; and consequently, under a pressure of 770 atmo- 
spheres, air would become as dense as water. 

190. In consequence of the atmosphere, in average states, being capable of 
supporting thirty inches of mercury, it is easy to calculate the pressure upon 
each square inch of surface exposed to its action, by ascertaining the weight 
of a column of mercury thirty inches high, and one inch square. This will 
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be found to be TSiy nearly equal In SAeen pounds, which is thererore aa- 
mmei) as the amouni oT presiure on every sqiiuta incb of suiface exposed la 
ihe aimoijihere. This preftsure coir 



length, if of uaiform densitjr; 
ise ahoTB tho level of the tea, 
on (iSO). If ihe surface of an 



but, us this dimiiibhes in praportion aj 

Ihe air really extends lo a macfa grralcr i 

adult be conajdered as ^uai to *J0OO square mcQea, me pressure exerteti oa 

bis body by ilie atmosphere, is H]ua.l lo the enormous amount of 30,000 [irunds 

not opposed by tbe equal ajid contmry pressure of the aefi- 
Fig. 115. form and other fluids oonTeye^ in the cavities of hia fraroa. 

lei. Forthe purpose of examining die effects resulting from 
Bimospheric pressure, an exhausting syringe, or air-pimip, be- 
comes a necesaary pieoe ofapparatuH. These inslruraenls are 
constructed on the same principles: the former conaiata of a 
barrel, ac, of metal, fiirnisbed with a screw at a, forthe purpose 
of connecting it with any apparalna ref^uited; a( a is a valre, 
opening upwards. The piaion id movea air-tight in the 1»rtel, 
peTforatod at a, and there futnishod with a valve, aim opening 
upwards. Connecting ihia syringe, by means of the screw c, 
with any piece of apparatus, let > be drawn up to a by laiaing 
the handie u, and then depressed; the air inclosed between fi 
anil i will escape through the valve i; on again elevaring the 
piston I, a vacuum is formed between x and *; air rushes ui 
through i, to fill it; and on again depressing the pislon, ibis 
_ escapes through tho valve K, and so on. The air in the vca- 

' iffl^*^ sel connected with o, becoming each time more rarefied, and 

ulllmately afibrding an apprcoch to a vacuum. 
193. As Ihia process is extremely tedious,, and in praportion as the air 
becomes more rarefied, the external atmosphere, pressing on tho pislon, ren- 
ders it laborious tti elevate il, — this syringe boa given way to the air-pump, 

iu the centre of a smooth plate of brass, on which strong glalu Teasels, called 

Fig. 118. 




i fitted ail-light. By working the pistons, by means of a cog- 
wheel and rackwork, the labor of exhaustion becomes much dhninisbed. 
AA are the two barrels communicating by the tube i, with tlie aperture c, in 
the centre of the air-pump plat4. In the earlier machines, the barrels were 
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Fig. 117. 
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connected directly with a Idrge glass globe, in which the substance to be 
experimented upqn was placed.* 

As by means of these instruments, the air, in a vessel connected with them, 
is oaiy excessively rarefied, never becoming a perfect vacuum, it is frequently 
a matter of importance to measure the degree of rarefaction of the included air ; 
for this purpose the open top of a barometer tube is connected with the tube 
I, its lower end being plunged in mercury. On placing a receiver over c, 
and exhaasting the air, the mercury is forced up into the tube by the pressure 
of the atmosphere ; and the nearer its height corresponds to that of the 
barcHneter at the time of the experiment, the nearer the air in the receiver 
approaches to a state of perfect exhaustion. Another mode of gauging the 
degree of exhaustion is, by immersing the end of a tube, eight inches in 
length, in a little vessel of mercury, with which the tube itself has been pre- 
viously filled ; on placing this under the receiver on the air- 
pump plate, and exhausting the air, the mercury beigins to 
fall in the tube when about one-fourth of the whole air in 
the r^^iver is removed, and by its continuing to subside, 
as rarefaction proceeds, informs us of the degree of exhaus- 
tion. 

193. When the density of the air is required to be increased, 
the condensing syringe, tbe converse of the exhausting syringe 
(191), is employed. This consists of a brass barrel, furnished 
at B with a valve opening downwards ; a perforation is made 
in the side of the barrel at ▲. On screwing tliis syringe on 
a strong metallic vessel, and raising a above the opening at a, 
all the space between b and s becomes filled with air, and, 
on depressing the piston, this is forced through the valvo e, 
into the vessel screwed on o. On again raisuig b, air cannot 
escape through x, because the valve opens downwards; and 
on depressing tbe piston, a fresh portion is forced through s 
into the vessel, and thus the condensation of several volumes 
of air into a small bulk 1)ecomes effected. 

194. By means of these machines, many highly interesting experiments, 
illustrating the general properties of the gaseous bodies, may be performed. 
The following are examples of these : 

JUuMtrating ^Atmospheric Pressure. 

(A.) Place in close contact, the two brass hemispheres ah, and connect 
them, by means of the screw c, with the hole in the centre of it in the air- 
pump plate (19G); exhaust the air from their interior, close the stop-cock e, 
remove them from the air-pump, and screw on the handle f. On then 
attempting to forcibly separate a from b, it will be found nearly impossible, 
by any moderate exertion of strength, to effect this: for they will be pressed 
ti^ether by as many times fifteen pounds as there are square inches on the 
surface. This apparatus is well known as the Madgeburg hemispheres, from 
its having been invented by Otto de Guericke, burgomaster of that town. 

(B.) Pour some mercury into the cup a, excavated in the substance of a 
piece of wood screwed on to the top of the receiver b, and place the whole 
on the air-pump plate. On exhausting the air from b, the mercury will be 
forced through the pores of wood into the receiver b, in the form of a metallic 
shower, by the pressure of the external atmosphere. 
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• Boyle's Works, vol. ii. p. 403. 
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IHuilrating the Etatlicity 0/ Jii. 
the jet n, rrotn the Teasel 1, Hnd acrew □□ Ihe eondensvng 
lyringe (IDS), bavin g ptevioualj half filled a wiUi wbIct; 
on forcing air into ihis yessel, it will bubble up through 
the water, and rise on ils surface dd. After working 
llio pision for a few minulea, close the stopcoclto, remore 
Ihe syringe, anil screw on the jet i. The condeused ai 



n the BDTface of the n 






in (he bladder a 



opetting tlie sloiMiodi, will force il out in a jet, Ibrming 
a fiiuniain often rising to a very oonsidemble elevation. 
(D). Pie<i9 together Ihe si<iea of a bladder, so as to 
nearly empiy ll of air, end tie ii tightly at the neck; place 
it under a roceiver on the nir-iiiimp plate, and exliau^l 
the air ; aa soon aa the pressure of Ibe latter beoomes 
removed from (he eurface of the bladder, the elasticity 
of the Bm^l quantity of air left in it cornea into play, and, 
expanding according to the law of Marriotie (189), Ibrees 
the aides of the bladder asunder, and expands it. On 
rendmitting ait into the receiver, the small quantity left 
acts 10 its former bulk ; and causes it to appear as empty 



(E). Place a vesael of spring water under the receiver of the air-pomp, and 
exhaust the air; ns soon as the pressure of llie almosphere becomes removed, 
the air dissolved in the water eipanda by its elasticity, forms lat^e bubbles, 
and escapes from the water, giving to the lultet the appearance of being ia a 
alate of alow ebullilion. 

(F). On placing baked applca, raisina, or shrivelled fruit, under the receiver 
of an air-pump, and removing the pressure of lite atmosphere, the air they 
contain expands, and dilating the integuments of the fruit, gives them the 
appearance of ripe plumpness. On readmitting air into Ihe receiver, this 
artificial and delusive appearance vanishes, and the fruit appears as shrivelled 
as before the experiment. 

(G). Place a glass vessel half full of hot water under the air pump receiver; 
as soon as the air is exhausted, (he water will begin to boil violently, and 
rapidly evaporate, to fill the partial vacuum produced by the exhaustion of 
the ait in the receiver (007). 
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195. Whm b !if]uicl, Bs wttter, ia oonlairej in any voasel, the aides of the 
hncc become submitled to the influence o( two opposed Ibtces, one acting 
rrooi without to within, anci the other in the eonrerse direction. The inlemal 
preamiie Biiiiei from the weight of the column of fluid pressing against the 
wlw (IM), and the eitemal fnroe is the pressure of the medium in which 
ths vessel ia immersed. If an opening lie made in the side of a vessel ao 
circtmsaaoed, the aurface of the fluid thus exposed ia still acted upon hj the 
sune Ibroes bb had prefiously pressed against the portion of the side removed. 
If the piESure from within lo witUoiiC be greater than the pressure in the op- 
pocile direction, the fluid will flow out of the opening, and. obeying the foroi 
of (fsviUition, fall to the earth. But if the ex- 
ternal prcBmie is the most powerful, the fluid Fig. 121. 
will rkot escape. This msy be illuBtmted by flll- 
iofl B glasB tumbler, i, with water, placing a piece 
.of paper, aB,»ver its mouth, and oarefully invert- 
inn it. On liolding il inMhia direction, the fluid 
will not eampe, fiw the upward pressure of die 
Blnvwphare against the paper will exceed the ac- 
tion of the Bitraclion of gravitation on the water 
and aDcurdiagly the glass will remain full. 

19G. Liquids, escaping f>oin orifices in vesaets J> .B 

eonlBiDing them, obey the force of gravitation, 
aod their motion becomes accelerated in a cor- 

naponding manner, providing all mechanical obstacles, arising from friction 
or other caneea, be absent. The expression of this fact is known as the tbe- 
orem of Torricelli, and may be thus Bimed : parlidtt of fluid, on acaping from 

srifScc, poaa* Hit lonu degra of vtlocily oi if Ihiy had fallen 




n caUrt of tlu or^a. Fluids obey tliia law 
lit any relation to their density, their velocity solely depending 
upon ihB depth of ibo oriflcc from which they esoipe, below 
the lerel of the Silid. Thus, if a vessel be filled wi ' 
to ilie height of the dotted lino d, and three apertures be mi 
in the side of the vessel at lac, the water will escape ft 
each with very different velocitiea. At i, il will possess 
Mine velocily as if the panicles of water had fallen 
from D lo iS, whilst at ■ and c the escaping current will possei 
theaamevcioci^agif the fluid composing it had Mlen&om 



Fig. 122. 
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to B and fioai doc. From lliis (net we learn tliai twofeEselB periectly alilLF, 
being flllrd -with fluid, anJ allowed to iliicliarge a certain measure by similar 
OtiOcei, <mc of ihfta being ktpl guilt full bi/ tHi oifdin'on of frah fluid, the quanlilr 
of wMet ducharged in B given lime rroui ibe lailer vessel, as compared with 
ifae qoanti^ escaping from thai which was allowed lo empif itself, will be 
uSlol. 

The Telocity of flitiila thus escaping fnnn oriSces is, oeletiM parUmt, b3 ibe 
•qnare loou of liie deptlis of the orifloea below the surface of Iho fluid, 
Tbyia calling tho velocity of a fluid, escaping from ao oriUce one fool below 
tba Mt&oe, unity ; the velocity of a fluiil, escaping from a similar orifica i 
OM below the level, will be 2 ; al 9 feet 3; Bl 16 feet 4, atid ao on. 

197. Wbon fluids eseapa from lateral aperlutes, they describe parabolic 
ODTTM, and obey the laws of projeutiles (03) ; aixd when allowed to escape 
thiDDgh a oitculai oriflce pierced in the botiom of a containing vessel, provid' 
iog the lattei be ooiuposed of some very thin material, the following pheno- 
toena are observed : 

(A.) The panicles of fluid desceiul vertically, to within three indies of the 
boBom, and then tatn lowards the orifice. 

(E) The aurfoce of the fluid gnulually falls, remaining hocizonlal uatil 
within a eenain distance of the bolwin, when it forms a hollow cooe, iroroe- 
diaialy above tlie centre of the orifice. 

(C) The cuttonl of fluid having escaped from the vessel, otmlracls in 
diwneMr at b certain distance fVom Iba oriflce. 

(D.) When a fluid escapes from an oriflce inade in Ihe thin side of a vbb- 
•el, the greatest otntractian of the fluid vein takes place at a distance from the 
oliflce equal to half its diameter j the diameter of the contracted portion of 
tha *ein being to that of the portion nearest the oriflce as S : S. 

(E.) Beyond this coulraciion (D) the liquid vein continues to diminuh in 
thickness, if moving from above to below, and to increaie, if moving in the 
oppodte direction. 

(F.) The surbce of a fluid escaping by a laltral aperture does not form a 
hollow cone (B), but becomes depresisod on the side in which the oriflce exist)i 

(G.) Every fluid vein, moving vertically downwards from a oirciilai orifloe, 
is composed of two well defined portions. The poilion neuest Ihe orifloe i» 
perfectly [ransparent, like a rod of glass or crystal ; iu section is circular, 
and it gradually decreases in diameter, imtil it joins the second portion of iho 
current, which is nearly opar^ue, and apparently much agilalsd, consisting of 
a mitltitude of drops, each produced by an annular dilatation of a portion of 
fluid at the oriflce of the vessel, and undergoing, during the time of its failing, 
B series of periodic vibrations, by which each drop alternately elongates and 
oonttacts. A series of pulsations thus occur al Ihe oriflce of the vessel, theit 
number being in the direct ratio of the rapidity of the current, and in the in- 
verse ratio of the diameter of the oriflce ; fliey are frequently suflicienlly rapid 
to produce a distinct musical sound (318). 

(H.) In consequence of the contraction of the fluid vein (C) (D), liquids 
escape with equal rapidity from a conical tube, as from a cylindrical one of 
equal length, providing the Imnoaied apei of the former corresponds in situa- 
tion and section, to the point of greateit amtraaion of the fluid current. 

1S8, In a vessel full of water, the downward pressure of any colnmn of 
fluid, as XB, pressing on the horizontal layer cd, acts with a certain degree of 
force on the sides of the vessel (134); if then, an epertute be made at c, the 
pressure there becomes null, and fluid escapes, whilst the pressure remains 
"■" " As the pressure of ac against the aide is removed, and that against 
,_ ; :„-. .1.. I -'■ -refully suspended, will move as if re- 

rent escaping from C. 
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Fig. 123. 
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The movement arising from this reaction against tbe sides of the vessel, is 
readily illustrated by means of the apparatus abc, consisting of a large glass 
tube, ▲, closed at both ends with corks; two tubes, cb, l)ent twice at right 
angles, are fixed in the lower cork, their ends at xf being bent in opposite di- 
rections. Fill ▲ with water, place the cork e in its place, and suspend the 
whole, by the thread h, from Uie ceiling. The apparatus will remain at rest, 
for DO fluid can escape, as the pressure of the air against the open ends fe, is 
more intense than the gravitation of the fluid (195). Then remove the cork 
e ; tbe atmospheric pressure will act on the water in a, forcing it through the 
tidies BG, and escaping at fe, producing a rapid rotation of the apparatus, in a 
direction contrary to that of the current of escaping fluid. 

199. When fluids pass through a tube, or channel, whose section is greater 
at one part than another, the velocity of the liquid is necessarily 
greater in the narrow, than in tlie wide parts, as the same qnau' 
tity most pass through every part in the same time. Thus, if in 
tfie tabe ab, water be allowed to run through in a stream, so as 
to keep it constantly full, its velocity at en will be much greater 
than when traversing the wide parts, ef. The momentum of 
tbe fluid will be equal in every part ; for as it is equai to the 
quantity of matter multiplied by the quantity of motion (71), 
althou^ the quantity of fluid contained in cd, is less than in ef, 
yet its velocity is proportionably greater. For the same reason, 
when water flows through a funnel, its velocity is much greater 
when passing through the tube than when traversing through 
the wider part of the instrument ; and hence, also, the current 
of rivers is more rapid under the arches of bridges than at any 
other part. 

200. Springs and fountains are formed by some concealed 
reservoir of ivnter escaping through a clefl, or Assure, in the rocks containing 
the supply of fluid. On tlie water escaping, it possesses a velocity regulated 
■ooording to the theorem of Torricelli (190), and therefore suflicient to pro- 
ject it upwards in the form of a jet d'eau. Artificial fountains are constructed 
on a similar principle; thus, if die tube ac be filled with water, it will escape 
from the aperture at c, in a jet rising to an elevation somewhat less than that 
of the column of water in a; according to tlie experiments of ^larriotte, at- 
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302. Tlie friciion of (fluid) pnrticles is illualiated bf an eiperimeDt of 
BernouJIli: he fburut ihat water, in passing rapidly from die uHrrow to tbe 
wide end of a conical lube, m, would emptj Ihe Teesel c, filled widi watei 
and communicating with ab, by a ninatl lateral Uibe. Dr. Bacry ibund thata 
similnr effecl was produced by a descending cmrentj for when water was 
allowed to flow rapidly from i to a, a reesel, c, oommunicating with xa, by 
the lube n, became rapidly empUeJ. 

In die circulating system of animalB, an arrangement of the blood-vessels 
is ftequenily observed in accordance with these principles, so thai a current of 
blood passing along one vessel, may assial in emptying a lateral branch ; or 
two curtenla entering a larger trunk at Ihe same point, may thus exhaust the 
contents of a small vessel entering beiween them. In Ihe human body, the 
termination of the left spermatic vein in Ihe renal vein, and that .of the iho' 
lacio duct in the angle formed by die internal jugular and subclavian veins 
aHbrda remarkable examples of such hydraulic arrangementB in animal 

303. Elastic fluids, or gases, otfer no impormnt exceptions to the above 
laws; in escaping from lateral orifices, they produce a similar reaction against 
the opposite siile, and corresponding tendency to motion, as in the case of 
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demer fluids (108). This may be illustrated by a very common toy, now 
made bj all glase'biowera, consisting of a globular ves- 
tal b of thin gUuB, resting on a pivot at ▲. From the 
oppotita sides of the vessel proceed two tubes, bent at 
riifiat angles near iheit terminations. When a little 
water is placed in the vessel, and heat applied by 
means of a MpirMamp, it will become converted into 
steam, and give to the apparatus, on escaping from 
die lateml tabes, a rapid rotatory motion. In the opin- 
ibos of most philosophers, elastio fluids also appear to 
obej tfia oooditioos of the theorem of Torricelli, when 
escaping noder the inflnenoe of pressure* from orifices, 
onless die diflforenoe between the external and inter- 
nal pressme be Very considerable, in which case they 
<&r some exception to this law (196). 

301. It is also extremely probable that, like denser 
fluids, gases undergo^ when escaping from apertures, a 
eontnotion in the diameter of the current; the area of the section of this oon- 
tnetion appears to be equal to that of the orifice through which the gas is 
esoaping^ multiplied by ^decimal 0*61 or 0*62. 

Qna very remarkable phenomenon, connected with the escape of a current 
of air ooder oonsideraUe pressure, must not be passed over silently. M. 
Cisment Besoarmesf has observed, that, when an opening, about an inch in 
dismfH w r , is made in the nde of a reservoir of compressed air, the latter 
mshM qat violeintly ; and if a plate of metal or wood, 7 inches in diameter, 
be presBwd towards the opening, it will, after the first repulsive action of the 
omtent of air is overoome, be apparently attracted, rapidly oscillating within 
a diort dfimfiHm of the opening, out of which the air continues to emit with 
oonddetabte fime. This curious circumstance is explained on the supposi- 
tkxii diat the onrrent of air, on escaping through the opening, expands itself 
into a diin diso^ to escape between the plate of wood or metal, and side of 
the nsemrfr; and, on raeu^ing the circumference of the plate, draws after it 
a Qnnent of atmospheric air from the opposite side, in a manner, probably, 
analogoas to the case of Hriction between particles of liquids already described 
(3Cf2}. The plate thus balanced between these currents remains near the 
apsrtnrei and apparently attracted by the current of air to which it is opposed. 

90A. When the air is made to assume motion, the currents produced are 

denondnated winds, and are tolerably uniform for a given space. The fol- 

knring tBblei|! gives a view of the rapidity of currents producing winds of 

wioos forces:— 

Bapidlty of motion 
par second. 

164 feet. • . scarcely perceptible wind. 

3^18 — . . . sensible breeze. 

6*56 — * . . . moderate wind. 
18-04 — . . . brisk wind. 
32-80 — • . . strong wind. 

9 naftUowingflmniila is Beraooilli^s expression for the velocity of an Qscaping gms : 

P 

9 » veloeily of the gas ; p ■■ internal, and p' m» external, pressare ; and 2k 
eqoal lo UoOlO for gases at the temperature of 32^ Fahrenheit. 

t #PT! y»*« de Fhys. et Chim^ xxxvi. p. 00. 

i Am. de bareaa des longitudes pour 1828. 
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ricanf, mflipipntly powerfiil to tPBT 
IDTII mrcbnliio] cfiecrB. 
inil moving at the rate of 13 78 teel pei 
notMid, impinges aBaiiiBl a surfece of 39S-67 squaroincbcs with B force equal 
W 3flHjp«in^. or more llian 5) oanccs. 

200. When plnsEiG SniilA or gasi^ he Blmospheric nir^ are Bubmitted Uy me- 
obaiiical ftin?r, llify are enpsble of assuming cennin ulIfTunlin^ movemenu, 
■nalogODi to tlie vibrations of ralids iui<i unilalations of water (77, 171), and 
other non-elastic fluids. ThEM motioae of enact ilifler. however, in gome par- 

ticnUrs, from iboee as " ' 

ditkm, their rcimponenti. 
(S). Suppose a certain bnimiiiL <>i lun. 
a particle of si 



isequence of their physical « 
ilh a very wcat attntclive force 
meiitary riuration ha applied tr 



Fig. 13 




under the inBupnca of^, in its tin 
to it; ihii, in its turn, on aiKitbcr,: 
exerts its influenceon concentric po 
with each, until it liccomes loo feeble 



anrl ihe parlicleE dilate equull; 
to fill a larger space, as B. Now 
n A to B, il follows thai the air 
n the apace tB must be driven 
41) opposes an ohstacTe to this 
insly becomes tnoinenlBiitr ron- 
roximating nnder the inflitenca 
of i. The particle x then con- 
T again caiuei it to dilate, and 
inoe unlil the effecto of the ap- 
dthepariide .1 obtains its stale 
lie portion of air b, compressed 
id nets on a ehell of nir enternal 
n ; ibuB the initial force acitng on i, 
'air, its effects becoming less mnrlied 
produce any effect oti more distant 



portions, as in ilie fase of the ripples of water (173). 

207. Id the case of these otilUitioiu, undulalioiu, or pvlia of air, it la t^vi- 
oas that we must regnnl them as extending equally in all directions in Ibc 
ftee air, and limiteit only by the shape of llie containing vessel when ihe air 
is confined in small spices. Tlicrefore tha effects of the united oscillations 
or pulses extend ecjuallj in tlie course of radii from a centre to every paint 
of Ihe surface of a sphere- 
In these atrial undulations, on relerrinf; to the last figure, it is obvious that 

the portion of air a will have expanded to a, and contracted to its smallest 
limit at the moment that b attains its greatest dilatation. The space from the 
centre of i lo llie surfice of B is termed a wave, and a line produced from i 
to B will reprcEent the len^ith of llie wave, undulation, or pulse. 

208. The remarks made on ihe reflection, transmission, awl iDterference of 
undulations of rton-elaBiic fluids, eiiiiBlty apply to the elastic fluids or gases. 
Two waves of air moving in the seme direction will exerl an influence on 
surrounding air equal tolheir sum, and if in opposite directioni, to their diSer- 
ences, Wa shall have, however, again occasion to return to this subject when 
treating of the oscillattons of ether (552), in explanation of the theory of light 

309. The applioatiptts of the physical properties of fluids to the purposes 
of domestic economy, and the wants of civilized life.nro extremely important, 
«od afford some important objects of study to the mechanic and engineer. An 



PUHP8. 



185 



Fig. 132. 




outline of the mode of action of a very few of these valuable presents of 
science to art, will not be misplaced in this chapter, as they will afford an op- 
portunity of explaining their mode of action to the student, on the principles 
already laid down. 

210. Among the various instalments used to elevate fluids above their 
former level, those termed pumps are the most important. Their theoretical 
construction is extremely simple : they may be divided into two chief sections ; 
the first including the sucking and lilting; the other, the forcing pumps. 

The sucking or suction pump, as it is incorrectly termed, consists essentially 
of a hollow cylinder ab, having a valve k, opening up- 
wanUy fixed in its lower extremity. A piston c, furnished 
with a valve, also opening upwards, moves in the inte- 
rior of the cylinder. If the lower end of the pump be 
immersed in water, and the piston be depressed to s, the 
air between cb will escape by the valve in c, and on ele- 
vating the piston, a partial vacuum is formed below c ; 
which the water rushes in, through b, to supply. On 
onoe more depressing c, this water elevates the valve in 
the piston, and passes through it, so that on again elevat- 
ing c, a column of water is raised with it, which even- 
nuilly escapes through the side tube, or sprout n. On thus 
oontinuing alternately to raise and depress the piston, 
water may be raised from the reservoir in which the lower 
end of the pump is placed. The action of the lifdng pump 
is so similar, that a distinct account of it is unnecessary; 
as usnally constructed, it differs chiefly, from the pump 
just described, in the piston entering the cylinder from 
below, instead of from above. 

211. The forcing pump differs from the last in the position of its valves 
the piston b moving air-tight in the cylinder fo, as in the 
sucking pump, but has no valve. A valve opening up- 
wards is fixed in the lower part of the cylinder ; and at 
e, a lateral tube, gb, is fixed, having a valve, n, opening 
upwards. The rationale of the action of this apparatus is 
very obvioos : on b being depressed to c, the air is forced 
through the valve d ; and if the pump has its lower end 
plunged in water, on raising b, the fluid will rush through 
c, to supply the partial vacuum thus formed. And on 
depressing the piston, this portion of water will be forced 
through the valve d out of the side tube ob, as, in conse- 
quence of the valve o opening upwards, it cannot escape 
downwards. 

212. The most valuable acquisition to modern medicine, 
the well-known stomach-pump, is an instrument of this 
description; the tube introduced into the stomach being 
alternately connected to the lower end, or the side tube e, 
aocOTding as it is^required to inject fluid into, or to empty 

the ocmtants of the stomach. A glance at the construction of these pumps will 
be sufficient to point out their similarity to the air-pump (192). In the ordi- 
nary pump, on raising the piston, water instead of air rushes in, and, on that 
aooount, the valves do not require that excessive care in their construction, 
which is necessary for the proper action of a good air-pump. 

In all kinds and modifications of pumps, or other instruments by which 
water is raised above its former level by means of atmospheric pressure, it 
must be recollected that they are limited in action to a distance of about 32 
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oc 33 feet (184), aboTO ihe Irvel of ihe water they Bie Bciing upon, hi n 
column of walet of llial lenjjlh is very nearly equni in 
Fig. 134. weight lo ttio prcsraro of the nmnBiJhete. 

213. The weI[-knou-n hjdtnnlic iniitnimeui, the sj- 
phoo, ciMiBisI», ID ila siinpleit fbnTi,of a bent tube, xKC, 
having: one of it» br^nclieg longer tlmn the other. On 
iminening its shorter leg in n Teasel of water, apply- 
ing Ibe miHilh lo c, sod oihaiialing the sir, the ptes- 
Rure of the atmosphere on the fluid dk will force it to 
ascend iti Ihe tube : as soon as this has become fillei! 
wiib water, remove Iha end c tnaa iLe mouili, and 
the water will csmtinue to flow tlirough the syphon 
until die veeael is emptteJ. The tlieory of ila action 
19 simple j let >A be ' e short and id Ihe long leg of 
the syphon filled wil vater. If the leg id lerminaled 
ai n, the pressure al u and n wouhl be equal, and no 
flniil would escape, but id being longer than At by the diswnee nd, there must 
of necegaity be greater preaa no nerled at d than at b, ami 
Rg. 135. hence the water escapes at d poaseBsing Ihe same Telocity as 
if it had fallen freely from nod. If 6 ia immersed in oTes- 
sel of water, the pressure of the aunosphera will caaae the 
latter to rise in ihe tube, anJ thus by this iostmment ibe Tea- 
sel ia readily emptied. The length of the l^s of the sypboa 
is calculate from the top « lo a lino corresponding to the 
level of Ihe fluid in whiiii Ibe short leg ia immeraed. If Iho 
long leg of the ayphon he immersed in the waler inslead of 
the short one, and it be filled with Ihe fluid by exliBiiating it 
with tlie moulh, the upward presaure of Ihe air agaioat Ihe 
water in the shorter leg will bo sufficient to drive i> back into the vessel : 
consequenlly no syphon will tuA, unless the leg 
outside the vessel he aulBcientiy long lo reach be- 
low a Une corresponduig to the level of the fluid. 
14. A lube, Aic, wiih its eitremitiea curved 
upwards, ia a useful modiflcation of ihe syphon ; 
is readily nnderslood. Being filled with 
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le column o^fluid above i will press upon the 
water in the extremity of the tube, end do corre- 
sponding pressure being applied to the fluid in c, 
it overflows and escapes IVom Ihe orifioe, forming 
a lillle jet d'eau. This instrument is termed the 
Wirltmbtrg lyphon. 

The well-known scienliflc toy, called Taulalua's 
cap, conaiats of a glass vessel (fig. 137), in which the benl tube abg is concealed. 
The long leg i passes out through the alem of Ihe cup; on pouring water into 
this glass, it will hold it like any oihet vessel, until the horizonlal branch B 
becomea filled, and then the waler will escape through tlys syphon, until it 
falls below ihe oriflce of the leg c. The mouth of a little image ia often fiied 
at B, to represent Ihe fabled Tantalus^ and as soon as the Quid rises lo his 
lips, it escapes through the syphon. 

31S. Another philosophic toy, (lig. 138,) illustrating some of the priocipleg 
already laid down, ia known under the nameof Hiero's fountain, and consists 
of two vessels connected by the tubes ab, the tube b connecting the upper pan 
of c with the upper part of n ; whilst i passes air-tight through n, connecting 
the reservoir K with the bottom of the veaacl c,a jei tube passes through ibe re- 
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senroir s and extends to the lower part of d. — To use this apparatus, the 
▼easel d and the reservoir e are nearly filled with water. The water placed 
in ■ falls down the tube ▲ into c, forcing the air contained in the latter up b 
into D above the surface of the water in which it collects ; more water falling 
down ▲, a larger quantity of air is forced through b into d ; this eventually 
beoomes so compressed as to act with great force on the water in d, and 
forces it to rise through the tube f, in the form of a jet d'eau. The mode in 
which this apparatus acts is, consequently, analogous to that of the compressed 
air-lbontain (194 C), differing only in the manner in which the compression 
of the inclnded air is effected. 

Almost every instrument by which water is raised to any elevation, acts 
more or leas directly through the medium of atmospheric pressure. A com- 
paratively small number depend on ordinary mechanical means for producing 
dieir effect, as the screw of Archimedes, the Persian wheel, the chain-pump, 
Ac, whilst the rope-pump depends upon capillary attraction for its action. 

216. The comparatively incompressible character of water is made availa- 
ble as a powerful mechanical power, in Bramah's hydraulic press : this cele- 
brated and valuable piece of apparatus consists essentially of a very strong 
water-tight box, the top consisting of a kind of piston, the upper end of which 
touches the substance to be submitted to pressure. The water-tight box, being 
filled with water by means of a small pump connected with it, the upper 
end of the piston presses forcibly against the substance exposed to its action. 
More water is then pumped into the already-filled vessel ; and, in consequence 
of the law that no two bodies can occupy the same space at the same instant, 
ionietfaing must yield ; and as the piston is the most movable part of the 
apparatus, it is pressed with an enormous force against the substance sub- 
mited to its action. 

217. Currents of water are used as mechanical agents, in moving ma- 
diinery, by means of the well-known contrivances called water-wheels ; and 
carrents of air are made equally available in turning the sails of the various 
fi>rms of wind-mills. Indeed, in whatever light we regard the general and 
peculiar properties of both the elastic, or comparatively inelastic fluids, we 
oaonot help being struck by the numerous ways in which they are so admi- 
rably fitted to supply the wants of man, and by which they are made avai}a 
tie in adding to his various comforts, and ministering to his wi^nts, 
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NOTE. 



For fbnhec infannHUoncnlhetwntenlsof the lBallhrGC> chapters, the MucImiI 
diouU refer lo Ihe monc^itaphs in Uie Cyriopieiliu before lefeired to, and to 
tbe wotkB of Dr. Gregory, ProfosBor Young, Profeaaor Playfair, PouiUei, Biol, 
MuUer'a Phjsica, Chap. III. to VT., ani] Ihe iliree ehopCers of Secllon 111., &c. 
The following are refereDces to Newton's Priocipia and EuIbi'b Lettera: 

Cbap. VI. Newton, bk. ii. Kct. S. 

VII. Newton, lik. ii. prop. 9S, 33: Eoler. tdI. 1. let. B, IS, and tdI. ii. lei. K. 
Yin. NewlOD, bk. ti. prop. 3e, ud mcl ». 



CHAPTER IX. 



Sowmia vihratioHi, 21S. DiffuBOHOf aoiaid.2\^—tiitdadm}ca a anAieHug 
meiHttm it pracnl, S20, SouTuii van/ icilb condmialian o/ttir, 3^1. Zaun of 
inltmity of touad, 222. CirnunMan™ madifyaig, 223. Cotnmumcolwn of 
lomd, .i'ii—rdorily of, 226— CalnJofioii o/ dUlanctt by, 237 — CondttOiitg 
pouw of bodia for, 228. ^eenulic ihadow, 22S. Sanonmi inltrftmn, 230. 
PoMiagr af toumd Ihrough mixtii media, 231-2 — Befltdioaof, 234. Edui, 23S. 
li/Jliaionofiomulbycun)tdSurfi>ai,-23S. Tranntrxvibrationi, 23^. Plana 
of oibraiion, 23B. MiMcai wjfo, 239. Comparatin viae of vibrationM produC' 
i/ig, 24 1 . JH, Biol'i obiervaliom on tonorcui imtvi, 242. Ihtcordi otid mncordi, 
S43. Ifola, 245. Vtbraiilmi of fixed radi, 248—0/ rafti»m« of air, 141. 
JoMilie figtira, 248. Muiical wuiuli ax^d b^ btalal taaalt, 2SU. 

SIS. Whik the air,or nnfotber elaitic body, ismaile lo assame a TibrHtor; 
motion, conaistiog of a series of oscillations or unilulatiDnB (207), lepealed 
with luilicient frequeocy, a nmnd a produceil. During the existence of mcb 
ltiotione,the moleoular artangoment of the vibrHliog body becomea altered, but 
acquires its normal stale on iheii oeasalion. Time, if a ooppei ribbon, 9 feet 
long, 0-4 inch wide and MM thick be vibrated, ita length will appear unaffected. 
Lai a weight of SO lbs. be fixed lo its lower extremity, and still no change 
occurs, bul if again made lo vibralB, ila molecular arrangemenl will become 
permajienily alTected, as shown by its lengili becoming increafed 6 or 7 inches. 
When these vibnitions take place in a unifoim and regular manner, as when 
a harp-string is atruclt by the finger, a jierfect sound or lon« is produced ; tnit 
if Ihe vibralions lake place iiregulnily.BiuJ are not isochronous, aa in the ex- 
plosion of a pistol, a noiu atone ensues. 

SIS. When iaochroiuniB (81) vibralions are excited with sufficient rapidity 
in im elastic body, not less than 16, ori according lo some, 30, in a second or 
time, their effects become transmitted by the excitations of fresh and similar 
movements in surrouniiing bodies and the air, extending on every side like 
the gradually widening circular ripples surrounding the spot where a tailing 
drop of rain dialurba the surface of a pool of water (173). These eventually 
impinge upon ihe membrane of the tympanum, or drum of the ear ; which 
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then assumes a vibratoiy movement From this membrane tremulous mo- 
tions are excited in the fluid with which the labyrinth of the air is filled, 
through the medium of the included air, or by means of the d^Ucate chain of 
bones connecting them, or both ; and which, acting on the auditory nerve, 
produce the sensation of sound. 

220. Providing no substance intervene between the vibrating body and the 
ear, no sound is heard. If a bell be placed under the receiver of an air-pump 
(19!3), and the apparatus be shaken, the sound excited by the clapper striking 
the sides of the bell is distinctly heard. Let the air be exhausted from be- 
neath the receiver, and the bell again agitated, the clapper will be seen to 
strike its sides, but no sound will be audible ; in consequence of no elastic 
medium existing of sufficient density to convey the sonorous vibrations to the 
sides of the receiver. 

221. Travelers, on ascending lofty mountains, have noticed the extraordi- 
nary diminution of the intensity of sound, in consequence of the rarefied state 
of the atmosphere at considerable elevations above the level surface of the 
earth (180). Saussure found that, on the summit of Mont Blanc, the explosion 
of a pistol appeared no louder than that of a cracker, and conversely the in- 
tensity of sound increases, on increasing the density of the air surrounding the 
sonorous body ; thus sounds, which are of ordinary pitch in the free air, ac- 
quire a painful degree of intensity if heard in a reservoir of condensed air, or 
in descending in a diving-bell, in which the air becomes condensed by the 
upward pressure of the water. 

222. The intensity of sound, like that of attraction (21), diminishes in the 
inverse ratio of the squares of the distances of the sounding body. This law, 
however, applies with its full force only when opposing currents of air, or 
other obstacles, do not interfere ; for the sound of a church-bell is inaudible, 
during a contrary wind, at the distance of a few yards, whilst the sound of 
the cannonading at Waterloo is said to have been heard at Dover ; and the 
noise of a sea-fight between the English and Dutch, in 1G72, was heard at 
Shrewsbury, a distance of 200 miles. In these cases the intensity of the 
sound was no doubt preserved through these distances, by the presence of 
aerial currents, moving in the directions in which the sounds were heard. 

223. From the researches of Dr. Derham, the intensity of sound is modified 
—A. By the direction and velocity of the wind. b. By varieties in barometric 
pressure, c. By changes in the temperature of the air. d. By its hygrometric 
state. X. By the original direction of the sound, p. By the nature of the 
tar&ce over which the sound passes. 

Sound is heard with great distinctness over a considerable space, in a frosty 
air undisturbed by winds or a&rial currents. Lieutenant Forster, in the third 
Polar Expedition of Captain Parry, held a conversation with a man across 
the harbor of Port Bowen, a distance of one mile and a quarter. 

2M. When the air is in a state of sonorous vibration, it excites similar 
movements in bodies with which it is in contact, if they be properly situated. 
This may be shown by tuning two harp-strings in unison ; on causing one to 
sound, the air surrounding it assumes a vibratory movement, and, this being 
propagated to the second string, causes it to vibrate, and emit a sound or tone. 
Instances have occurred of persons who, by modulating their voices, have 
excited vibration in glasses, so powerful as to overcome the aggregate attrac- 
tion that held the particles together; and consequently to break them in pieces. 

225. Waves on the surface of water, unless they differ very greatly in size, 
are capable of passing over each other without being destroyed. And in a 
similar manner, in the case of the waves of sounds or sonorous vibrations, ex- 
cited by a crowded orchestra, an attentive ear can readily distinguish the 
sound of any particular instrument. 



M» 

33S. Sounds, in tniwising p<ren d[9IB^ce^ are propsgaled with equal ra- 
pidJiXf piuaing ihrougb ^pacM propoTttonal lo the timeB, Sir John Herachel 
hu shown that sounds of everj inteaiiiy tiarel a( Ihe lemperatare of fi2" 
FWir. St tlie rate of 1135 feet per seoond, eqiu.1 to 9,000 feet in 8 seconds, 
ViJ mils: per minute, oi 763 miles in an hour. At B. fteezitig temperanue 
■nd in perTectlf dry air, the rapidity oT the propagntina of sound it inciaB»d ; 
■a it traversds 1090 feel or mther more than 363 yards in B second. Any 
alteration of tenipeislure of the ait equal to one degree of Fahrenheit's Ifaer- 
momeltr, causes a corresponding alteration of 1'14 fe«l in the velocity of 
■ound ; this velocity increasiDg with Ihe diminution of temperaiure. 

247. By knowing the velocity of sound per second, we can gain, in many 
instances, a clow approximation to a knowledge of the distance of a vibrating 
body. As light travela with an enormous velocity as compared to sound, we 
can, by observing the niunbet of aecoi sing between the appearance of 

■ Qosh of light and the instant when tui^ d produced eimullaneously with 

sneh flash is heard, and multiplying Ihja aber by 1 125, ascertain Ihe dis- 
tance in feet from the source o( the expk i. The tbllowing are some ex- 



8" : 9000 n. : : IS'' ; 13,800 ,U = ■1500 yardn. 

(B.) The flash of a cannon fired from a ship is seen 33 seoands before the 
teport is heard ; what is the distance of the vessel * 

8" 1 9000 it : : 3y : 37,125 ft. = 12,376 yards. 

238. Sound is not transmitted with equal laciliiy through all media: thai', 
vanous gast^us mtiturea assume sonorous vibratioos with esitreme difficuliy- 
The sound of a bell under the receiver of hydrogen gas ia, according la the 
experiments of Dr. Priestly and Sir John Leslie, scarcely louder than when 
placed under an eihausted receiver (320). When bydiogen it respired, the 
voice of Ihe person undergoes a curious change, being rendered extremely 
feeble., and raised in pitch, as wo should expect it to be, from the lungs and 
laryuK being Blled wUb • rareSed mediunt. 

Sound travels through diflerent bodies with very diSerent degrees of velo- 
city. Thus, caQing its velocity in oii ^ 1, it travela in — 



Distilled water 4'S according to Laphce. 



Cast iron . 10 


KboL 


Brass , lOEi 


Uplace. 


Copper . 13 


. Cbladm. 




Do. 


Wood . . 11 to 17 


Do. 



229. Sounds gsnetated in air are indistinctly heard by a person immersed 
in water; but if excited in that fluid, they are conveyed to a ooimdeivble 
diatance with ihdlity. M. Coltadon heard Ihe sound OC a bell stmck under 
watecacTossthe whole breadth of the lakeof Geneva, a distance of nine miles; 
tbii sound appeared to pa>s through the water with a vebxdty of 4708 feel 
per second. 

Sounds extnled in air are distinctly audible to persons cut off ti<Mn rectili- 
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co m mnnicatiflp with the body bgr a projecting wall, although with some 
diminiition of imennty. In water, however, M. Colladon found that the pre- 
■VMse of a wall Of io<dc projeoting between the ear and sounding body, nearly 
noderad the idond inaudible, as though a sort of ** aeouitic tkadow** had been 
pnidnoed bgr the walL 

230. Two sets of sonorons vibrations of equal intensity, encountering each 
odiar in opposite jdiases of vibration, will interfere, and become mutually 
sheefced ; and thus silenoe will be produced by the conflict of two sounds. 
To nndefstaiid this interference of sonorous vibrations, let us suppose that two 
striniui are toned so nearly in amson that one performs 100 and the other 101 
vifantioiis in a seeood of time. During the fGrst few vibrations, the resulting 
soniid will be double the intensity of that produced by a single string, because 
die aMal wares' ported by the strings nearly agree in the time of their pro- 
dnodqo. This xtAnXion, however, will soon cease, and at the expiration of half 
'a teco nd , one end will be in the act of peribrming its fiiUeth vibration and the 
other will be half a vibration in advance. The phase of elevation of one will 
thns eoiiicido widi the phase of depression of the other (176), and an instant 
of sileiice vrili ooonr. Let the lines a 6 re- 
present the apparent path of two atrial vibra- Fig. 139. 
tians or waves excited by the sounding strings _ 
at the end of half a second ; oe, c6, will re- 
present eaoh the course of two undulations, 
whkdi« ibr the sake of illustration, are here 
snppooed to be progresnve (79) ; e will repre- 
sent each phase of elevaticm, and (f each phase 
of depression of a wave of air, the two nndu- 
lalians will meet at 6, in opposite n^iases, one 
beinf in the act of elevation and me other of 
depvaarion, thns both being equal in intensity, 

fiwj tieutraliie each other's effects (176), and silence results. This may be 
shown by vifaratiAg a common tuning-fork or dia- 
pason, and holding it over the mouth of a cylin- Fig. 140. 
diioal glass vessel, a; the air contained in which 
will aasiune sonorous vibrations, and a tone will 
be produced. Then hold a second glass cylinder 
fa& the direction shown by the figure b, at right 
angles to a, and immediately the musical tone 
prsvkinsly iieard will cease; withdraw a, the 
tone reappears ; approach it, and it once more 
disappears, and so on. These curious pheno- 
mena arise iiom the interference of the sonorous 
vibiations excited in the air contained in the 
glass vessels. ■ 

S31. Again, when a tuning-fork vibrates, its branches alternately 
recede ftom and approach each other, as shown by the dotted lines Fig. 141. 
in the figure, both communicating their movements to the air^ and 
producing a musical sound. Let a fork whilst vibrating, be held 
upright about a foot fVom the ear, and slowly turned round. It will 
be found that when both branches are equi-distant from the ear, 
or when they coincide in direction, a distinct tone is beard, whilst 
in ail intermediate positions scarcely any sound can be detected. 
This is explained l^ the fiust, that when the branches coincide, or 
are equi^listant fh>m the ear, the waves of sound combine their 
efleots, whilst in all intermediate positions, as they reach the ear 
in different phases^ they interfere and produce total or partial 





S32. The 



V or sound Ihiongh lieti 






■niposeJ of sob- 



is Fffeoted with difficuliy; I 
ing from a less lo a mcFre elasiio portion, Bonoroin wave* pf different intensi- 
ties are excited ; whirb, partly being reflected (234), and paitlf froni tnuiual 
inMrietence (330), become luolcen up, us it were, into myriadB of secondary 
Tibralions-, and thus, the sniind, which evenlunlly leschea the ear. will be not 
only of leas inlensiiy, but ot a diffecenl tone Crom the true one. If some por- 
tion of a miied m^ium be capable of conducting Bound belter than others, 
same vibratioiis will reaub tbe ear before the olliers, and a confuacd falls 
sound will alone be heard. We have an example of theae facts ia a glass 
vessel filled with carbonic acid; tbis, when struck, instead of emitting Ae 
fiiU tone proper to it, will merely prodnee an irregular flat sound : here the 
medium in which the vessel is immersni, the air, is of verf diSert 



Idling power Irom that 
cordingly vibtationsof diflbrenl i 
inteiferenoe, deaden the proper >ui 
tbe feel of sojinda being more reaujiy 
the greater homogeneity of tbe almos^..- 
its denNiy being constantly changing by 
233. The com gnnitive con dueling " 
weil illunrated by an experiment 

in lube ; on 

at tbe oppiDiic i^ 



t filled, and ac- 
aciled, which, prohobiy, by their 
ass vesseL Humboldt eiplaina 
[e at nigbt Ibnn in the day, by 
tit (bat time. In the day-time 
lal variations of temperature, 
r diflereni media for sound was 
rhi^ philosopher fixed a bell at 

IB condticted by the iron itseir, 

well-known double report of a 

from a similar cause, tlie 

r, unequally by the air, and 



heard by an obsc 

the other by tbe air in lis interMir. i.u_ t 
fuwling-piece, fired at a distance, probably ai 
sound of the expkiaion being conducted to Ibi 
the masses of vnpor floating in it. It 

234. Sonorous vibrations, on impinging upon a plane surface, are reflected 
from it in such a manner, that tbe ant^les of incidence and reflection are 
equal, in the same manner as in the case of collision .of an elastic body 
against a plane surface (02); the mjiidity and intensity of the Kinnd con- 
tinuiagdie suae aliec, u before n^ilBCiioii. 

S35. When a sound is reflected from a plane, and rearhes the ear ariot a 
oertaia interval, an tfho is produced ; for this to be perfect, the observer tnasl 
be at a cenain distance from tbe reflecting plane ; and the syllable wilt be 
repeated once or several times, according to the number of reflecting sur- 
fhces presented by the body against which the eounJ impinges. The 
reflecting plane must be at a greater distance to afford ]jolysyllabic eebnes. 
At Woodstock is one of this kind, repeating seventeen to twenty ^llaUes. 

When sound is reflected between parallel planes, at a proper distance from 
Mch other, multiplied echoes are produced, repeating syltaUes an almost 
indefinite number of times. 

SSU. Sound is reflected by curved surfaces in the same manner as light 
■nd heat. Lei is be two mirrors composed of any hard polished sub- 
stance, and in the focus of A at r, a low sound, as a whisper, be uttered. 
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Tlie wonam m TibntioBS that onated will, on reaching ▲, be reflected in the 
diiwU D u of ft a^riM of fines puallel K> thoee dnwn in the flgnre, to b, from 
die coac » Te MifftDe of which thef will conTerge to a fbous at f', and be dis- 
tlR0ll|f andifale to an obeerrer aitoated there. In a similar manner, any sound 
in ■■ elfiirtic cfhamber, uttered in one of the loci of the ellipse, will be audible 
10 an dbaarret pinbad in tho.Plher (bona, whilst persons placed midway will 
not be able to hear it (178). 
- If die wbstanoa a^unst whkh the sound impinges be soA and yielding, if 
will be nnich dhninlshad in intensity; thus, while voices are heard in a 
iwifcably sononms manner hi lofty apartments with large polished walls, 
Aflj afanost oease tD be andibie in chambers hung with tapestry, firom the 
■H w o m Tibntians becoming che<dLed or absorbed, on impinging against this 
left and TMlding nmtflrial. 
SST.Wheo ooids are made to Tibrate in a transverse direction, as by 
a bow across a violin-string, or by. touching a harp-string with the 



Ambi% die ibUowing phenomena are observed. 

(A.) Cbcds of die same diameter, and equally stretched, have the number 
ef tibiations in. a given time, in their inverse ratio of the lengths. Thus, a 
eovd, perfbnning thirty-two vibmtions in a second, will, if shortened to one- 
ha^ piodnoe Bizty-fi«r, and if p one-thivd, ninety-six vibrations, in the same 



*(&) Gords of the same length and degree of tension, have the number of 
dirir vibrations in the inverse ratio of their diameters ; ex. gr., a cord of 
diameleT diree, will prodnoe thirty-two vibrations in a given time, of diameter 
two^ aixlj-lbur vibratioos, and of diameter one, ninety-six vibrations, in the 
wuuB interval of time. 

(GL^ Cords of the same diameter and length have their number of vibra- 
tioni in die direct ratio of the squares of the weights with which they are 
i: ex. gr^ a harp-etring stretched with the weight of one, will pro- 
a oertain nunber of vibrations; with a weight of two, will produce four 
aa many; and with one of three, nine times as many in the same 
of time* 
338. Soondf of the same pitch, may differ materially in their character, so 
frr as sweetness of tone is concerned, quite independently of the number of 
vibrations prodooing them. Thus it is notorious that two players, on drawing 
a bow aonse die same string, will produce tones of very different character, 
•Ww^ of the same note. It seems probable, from the researches of Dr. 
Toongy that this is connected with the plane in which the string vibrates 
(88), and with the curve it describes. By reflecting a ray of- light from the 
sfainlBg snrfiuDe of a vibrating string, Dr. Toung was enabled to observe some 
of dMse enrvee. The ibilowing are examples of some thus described by the 
eeolie of a vibrating string. 

Fig. 143. 
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839. When a sound is produced by vibrations sufficiently regular to consti- 
tute a musical tone (818), each being produced by a certain and definite num- 
ber of vibrations, it is termed a note; and to distinguish one from the other, a 
series of terms are applied to them. These, in this country, are taken from 
the alphabet, the first seven letters being used to designate particular notes. 



M« 



tomto. 



te seven afllabtea, u^ re, mi, fa, lo^ Is, n, ere ueuBlly pre- 
feired. 'I'beae noltt constitiile wbst ia termed the Dialotiic acsle or gamut, 
A note is said to be sharper than analher, wbeii it is proilnced by a larger num- 
ber, and to be gmvet or baser than another, when by a snuiller number of vi' 
bralions in a given time. The gravest audible miuical sound is produced by 
about sixteen, and the sharpest by about SOOO vibrations in a second. Thi^ 
however, is subject to greoi latitude, for, as Dr. Wollaslou Irnig ago showed, 
mauy sounds at cithcT eitretne of the scnle utterly inaudible to some per- 
sons, are distinctly perceived by others, Tbe chirp of the cricket and cry oT 
the giaaahoppET, are prodticed by such a rapid suocession of vibtationa, thai in 
many persons ihey can soareely be appreciated bs mosical sounds. A flne 
ear is able to recognize as a distinct sound, a peculiar hissing noise made by 
a body completing 34,000 distinct yibr ' 'i a second. M. Savart has, by 
means of B*serieB of very interesting ei nta, shown the high jirobabitily 

of there scarcely being any definite limi. . i audibility of sounds, providing 
they were sufficiently loiid. By means o, rapidly rotatory cogged wheel, 
BO arrangeii that each tooth should strike a pii ce of card, he found that 12,000 
Atrokea on the card produced a sound perfectly audible as a musica} sound of 
high pilch. 

240. M. Kot* has calculated the lengths of sonorous waves produced hy 
different numbers of vibrations in a given time. The results of his obaeria- 
lions are shown in the following table. 

Viliralkini ia a Lenph of riivli. 



Probable utmost range 
of sounds audible by the- 
human ear. 



These sounds are identical 
with Iboee produced by an or- 
gan-pipe open at both ends, 
'and of the same length as 
that of the sonorous wave, 
given in this column. 



241. A collection of eight consecutive notes is termed a 
Hitave is said to be higher or lower than another, when thi 
ire produced by a greater or smaller number of vibrations 



;iven space 



le of any octave is produced by a certain number of vibmlioru, which 
« as numerous as in tlie corresponding note of the next lower, and 
' as nuraerous as in tbe corresponding note of the next Ligber octave. 



▼nsATiom rsoDUoiira mncAL sounds. 



Names of Kote>. 


Comparative 






Number of 
Tibraliom 


ContmeDlsL 


Engiiih. 


length of 

Mring. 


aumbei of 

vibtHlions. 


mi' 
fa. 
sol 
la. 

ut . 




. C . 
. D . 
. E . 
. F . . 
. G . . 
. A . . 
. B . . 
. C . . 


. . 1 . 








... 258 
... 290 
. . . 333 
. . . 344 
... 387 
... 430 
. . . 483 
. . . 516 



In tha aboTO table, Itie contiiieDtal names of the notes, their English 
■yno n rmB, the compaialjve lenglfaa of the niiogs, and number of vibrations 
producing them, as well as the absolute Dumber of Tibrations in h second 
performed bf the stringB to produce a particular note, are at once seen. The 
flgnres in the last oolumn must be oousidered as only approxitnatiODs to the 
ime nmnbera. Tbe odare there taken as an example, is the iburth from the 
base of the piano. 

243. There is same little diflerence of opinion, as to the actual nu mber of 
waves per second, proditcing a particular note. In the following table, we 
have tbe number of warea required to produce the middle A of the pitch 
ad(^>ted at different orchestras, which in the above table is stated to be pro- 
diaiod bj 430 vibrations in a second. 

Theatre of Berlin 437-32 

Paris, French Opera 431-34 

. Comic Opera 427-01 

Italian Opera --..-. 424-14 

In piano fortes, which for private purposes aro generally tuned below con- 
cert-pitch, the middle A is produced by 430 vibrations in a second. 

343. The perception of a simple musical lone has been aptly compared by 
Euler,* to a series of dots equi-distanl from each olhot, thus, 

If the intervals between these dots be greater or smaller, the tone produced 
will be lower or higher (303). ll can scarcely be doubted that the perception 
of B single tone by the ear is anakq^ous to the appreciation by vision of audi a 
sM of equi-distani dots; thus enabling us to represent to the eye, in a certain 
degree, what the ear perceives on bearing sound. If the distances between 
the ilots bo not equal, or if they be irregularly scattered, they would represent 
a coniiued noise, inconsistent with harmony. When two tones, each produced 
by the same number of vibrations, strike the ear simultaneously, they appear 
to blend, forming a imuon,- which may be represented by two lines of equi- 
distant dots, thus, : : t : : : : : : 

244. When the difference between the number of vibrations producing any 
two notes is in a simple ratio, so that the car readily discovers the relation 



13 






sonNO. 

eiutingbntweonllieni, B amcord is prodneed. Bui if from the absence of this 
simple raliti, Ibis r? lalion cannol be clelecled, B tiiimrd is said !□ result. Tha 
ibllowing ate mmo of the ntoai importani ooncords. 

(A.) The ccmre, represented hy M. bei-niise the sharper Hole is generated 
by twice ihe number of vibraijoni dial the graver one i», coifeBpondiiig to 
ihe interTal of llie luo C's oc tUt: tliis coiKonI is termed an octsTe, because 
in the rouacBl vibration of notes ihe vibration of C and C are in proportion 



C D 



G A B C 



sJludail <o () : 2) and C is the eighth note from C. 

(B.) The fidh. |, tha sharp note being proiluced hj three vibrations whilst 
the base is produced by two in the same time, corresponding to tlte inlerva] 
oT C 10 G. or it( and ml: this concord is termed a fifth, because Ihe vibiaiton 
of G and C are as 2 : 3, and Uio former note ia the fifth from the latter. A 
•imilar eiplaflulion applies lo the numerical names uf the other concords. 

(C.) The fourth, or |, the sharp sound produced by four and ilie giave by 
jven linie : thus eorresponds to the interval of C lo F, 



.<"■ 



?& 



majoT third, or |, corresponding li> (be interval C t 






^.) The minor third, or j, ia the interval E to G, or mi to 

These concorile are represented in the following diagrams ; ilie upper lini 

each rejiresentinR the sharp, ami Ihe lower the graye notes. 

>ns wliich occur stmulianeoualy, and iherelbre increase enuh other's powi 

■0 eonnecled by vertical lioes. 

FiB. 144. 
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945. I( h Imu • ilriiif li TibEBtiiig, it be suddenlj dieeked, bj tonohiiig it 
In ihib oenCra^lli two balTCf win ^ibnte twice as rapidly as die entire string 
«mIi r*^"^"g ^>0 moe note of the next higher ociaTe. This sometimes 
oooon TW***"**— 'T j prodndog a series of harmome mmmdt; it is readily pro* 
daoed in Ao fltrinfi of die harp and violoncdla When this phenomenoD oo- 
oon^ dM point mldwigr betw ee ii the two ends of the string is at rest, whilst 
dib nat li lapidlj TJbniting; any nnmber of these points may exist in die 
■one ibing; iSbij axe tenned ioA (83). At these points the string never 
leavaa die axis, far let die dotted line ab represent the directicm of a stretched 
HxinK and, after it has been made to Yibnte, 

It be tonohad widi the finger at o, the two 

halvea es, oa, will begin to vibrate twice 

■■ n^idly ai die entire siring ab did, bat 

In oDDtnuy directionsi eaoh end palling 

eqoal^ ftom o win oanse this point, or nodie, to reniain at rest and in the di- 

neiion of the long axis of the string. 

946. When rods of metal, fixed at one end (97), are made to vibrate, they 
piodnoe aonorous vibrations varying in number in the inverse ratio of the 
aqnaraa of dieir lengths, and in die direct ratio of their diameters. These 
ndi^ like strings, may vibrate entire, or divided into nodi. 

947. When sonorous vil»ations are excited by blowing into tubes, the 
■hni pe at notes are, cMferu paribui, excited by the shortest tubes. Sounds thus 
expiiBd , are prodnOed l^ the alternate condensations and expansions of the 
diflbrant layrn eoniained in the column of air in the tube. The following are 
mne of the more Impoftant flusts connected with the relation between the sound 
evoHnd, snd the length, and open or closed extremities of the tubes employed. 

(A.) In oylindric tnbes, ekied at one end, the vibrations are in the inverse 
tntio of die lengdi of the tabe. 

(BL1 In a oylindrio tube, open at both ende^ the sound is the same as that pro* 
dnoed by n cylindrio tube ckwed at one end, and one half its length. 

(C.) In a oylindrio tube, ekmd ai both endt, the sound is the same as in a 
tnbe cloied at one end, and of one half its length. 

(D.) Nodi, or points at rest, in the included column of air, are observed in 
the case of vibrations of this kind as in vibrating cords (245), or rods. 

948. Vlbfatkmsare readily excited in elastic plates by friction or by striking 
diem, and sounds are evolved; the' plates dividing themselves into vibrating 
portioai^ leparBted by nodi or points of rest, arranged in lines. The position 
of theae lines of rest is beantifully shown by scattering sand on the plates, 
•nd vibrating them ; die sand will assume a curious rapid movement, and 
be thrown c^ the vibrating portions, upon the nodi or lines of rest. If a 
■qnare plate of glass be grasped in the centre by a small hand-vice, sand 
i CB lt e ted ovor its sarfiuie, and the bow of 

n violin drawn rapidly across it close to Fig. 146. 

oneof its angles, the sand will be thrown 
into the position shown in a. If the bow 
be 



to die middle of one of the 




Fig. 147. 
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sides, Ihe Band will be BrraDged 

iu angles, and ihe bow npplied oj 

From a «erie» of highly in'eri 

FamdBjr, it appouCB evident tbai tl 
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B9 in B. If the pIslB b* held near one of 
bcrorc, the sand will be ainmged aa in c. 
liiig eipeiiinenis*. on this auhject, by Dr. 
the Bcalttring or sand on ihe nodal lititndDea 
;, as il wete, jerked off fiom the yibrating poi- 
dng carrenia of ait ovet the agimted portjatu, 
caliered on ibe plate, carries it lo Ihe lines of 
Test, or nodal Una, If the powder be a very light 
one, as tycopoditim iostead of sand, this will bo 
caught up by the a&ial cnrreals, and will collect 
chieflf on the most agitated poniiuis of the plate 
instead of on Ibe quieaccnl portions, and appear 
HDimalsd with a ourious Tortex-like motioo. If 
tbeplaleb. '-."> ed in very rarufied air, the lyco- 
podium will b illected on the nodal lines, like 
Ihe sand wher bnited ia ordinary states of at- 
mospheric pre re; and if covered with sand, 
and made to vibtate in water, Ihe sand will be 
collected chiefly on the most agitated i<ortion of 
the plate. Thns, Ibe lines ad lepresent the po- 
' silioQ of the sand when Ihe plate ia vibrated in 

air, and of Ihe lycopodium when in vacuo ; and 
the triangles igdf, the parts or mlir-nodai ipaat where the sand is collected 
when the plate is vibrated in water, and the lyeopoiUum when in ait. 

249. These acoualio figures may be well eihibited by atreiching a piece of 
btaililet over tlie moulh of a. funnel, and passing a horsehair, retained by a 
knot, through its conirei on drawing the bair through the fingers, pievitugly 
rubbed over the resin, the membrane will be 
made to vibrate, and if the sand be scattered 
on its surface, ils symmelric arrangemeni may 
be olwerveif. A very delicate mode ofdeteci- 
ing nconslic vibration 1ms been described by 
SuehUierf he scatters some lycopodium on 
water, so as to cover ils aurbce with Ihe thin- 
nest possible layer, which is best effected by 
agitating the fluid in a box, Ihe inside of which 
bos been rubbed over with the powder. On 
placing a drop of this on a vibraliDg body, ths 
panicles of lycopodiiun begin to revolve in the 
water, dividing into two or mora currents, if 
the sonorous vibrations be intense, as shown 
at iB. If a drop be placed on each side of a 
nodal Une, or hne of rest (345), cd, these in- 
testine motions occnr, hut in opposite diiec- 

S50. The evolution of musical sounds during the cooling of healed metals, 
observed by Mr. Trevelyan and others, is ejitremely curious. These pheno- 
mena are best observed by using the Ihermophom. This consists of a bar of 
copper five inches long and about half an inch thick, grooved in such a man- 

of thick iron wire, about eight inches long, is filed in one end Jbt a handle. 
On heating the oopper bar, and resting its tonvex portion on the edge of a 

•Phil. Trans., 1831. 
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Uoek 0^ lead, w aft a, it wiU begin to 
^JbnrtB itiCTiglyf and toon flAorwwrds 
•fol^eiBwriMliopiMJiiiiioally beginning 
Hbi dM dione of die'bagpipee, and rising 
10 • Icmd pbdntiTe ewell, like that of the 
Ailing hnp, and tfien ftlling in the niost 
lltiUinaiiiieK. Tlieae wild and irregolar 
MMmdi eontimie imtil die temperatoie of 
tlM blodc of lead and oopper^xur are 
EM B uf j eqiadiaed. Thef are OTolinBd 
vidi die gw al eat diiillness when a 

ohaimel it filed out in the back of the bar, as shown in a, or a similar 
soaTated in die snifece of the leaden block on which it rests. It is 
diat the mftees of the metals employed should be quite clean ; 
and thai Ibeir powers of conducting heat should be as different as possible; 
honoe^ copper and lead snooeed iie best, as the conducting power of the 
ftaner Ibr oakik^ aooofding to Bespretz, is 398, «nd of the latter 179*6. 




NOTE. 

lb DO walk on the Babjeot of acoustics can the student refer with so much 
adTaatBge as to Sir John Her8chel*s Monograph on Sound, in the .CyclojieBdia 
MampoUtana: liere he will find all that is valuable on this subject The 
wad ei wiH also find mudi that is of importance in the 4th section of Miil- 
lai^ PlqNhML The following are the references to Newton and Euler : 

Newton, bk. ii. sect 8. 
Enler, voL i. letter 3 to 8. 
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SECTION II. 

PHYSICS OF IMPONDERABLE MATTER. 

Magnetism, Chapter X. Ordinary Electricity, Chapter XI. — XIIL Atmospheric 
- Electiicity, Chapter XIY. Voltaic Electricity, Chapter XV. Electro- 
Ijaifl, or Electrochemical Decomposition, XYL Electronlynamics, Chap- 
ter AVJLL Electro-dynamic Induction, Chapter XVIII. Thermoelectricity, 
Chapter XIX. Physiologiciil Electricity, Chapter XX. Luminous Undu- 
lations of ImponderaUie Matter, or Light^Unpolanzed Light, Chapter XXL 
— XXnL Polarized Light, Chapter XXIV.— XXVI. Optical Instruments, 
Chapter XXVIL Calorific Undulations of Imponderable Matter, or Heat, 
Chapter XXVHI.— -XXIX. Photography, Chapter XXX. 
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JC^i^t, 251-2. MagtittulinaofJ>tra,2i2. i>afei,25S. Induction of magntl- 
iiM, 2S5 — S5T. Theory of taagmliim, 2Sg— ^60. Cimpiui, 2U1. Utcfi- 
■olsm, SS4— 2S6. AicIituiJton, 206— 309. JVagneHc ifonna, 370, 271. jlc- 
(ioM a/ lib tnrfA on l&t udOi, 272, 273. ContctUivt polft, 274. Magntlic 
pnptrtia of imtalM, 275,270. Exatation of magnrlitm, 217 — 2S0. Corrdng 
/irat,283. Jlfogiwfu:ii«/«ui(so/(fe <a«i, 2B3. E^icti of htalonmagneU, 2Ri. 
Diamagattum, 286 — 290. Dia^magnitic itujiet, 291, 292. /ron-toilt, 293. 
iitfof'(tia-Miign<ftei,394. Jn^lumn D/mo^iufiiniHi moKcr, 295, 290. 

251. Tbb property or attracting pieces of iron, poasesaed by- certain Terru- 
ginoiu ores, has beenjong known; and the ores themselves have been termed 
magnat, from Magnesia, a town or Lj-ilia, near whicb they were staled by 
(be BDcienU to abouail. Pliny states that these ores were in hia time termed 
fimmt mniiii, or qnick.iron. In England tbo term loadstone has long been 
applied to the native magaetic oxide of iron. All the phGnomena possessed 
l^ such mugneU, including tbeii action on iron, cobalt, and nickel, end other 
metals which appear to obey Ibeir attractive influence, have hoen collected, 
ud the important science oimngnttitm Ibunded upon them. 

Not only do ores at iron possess magnetic properties, but masses of that 
metal which have been placed in ooniaclwiih them, or have been submilted 
lo the efiecta oT certain meohanica] actions, generally proaenl the phenomena 
. oT magnetism. The magnetic ores con stiluting what are termed nolurai; and 
the latter, mt^inal, magnets. In examining the phenomena they present, it 
matters not which we nae; magnetic bars of iron, however, being generally 
prelbrred on account of their conveniem form. 

252. If a magnet be dipped in iron lllinga, it will attract Ihcm, causing 
them to adhere to its Burfeoe,but nnequally in liiflerenl parte; being collected 
in abundance at the ends, and nearly absent from the iniermediate portions. 
Thii ia best seen by placing a sheet of paste-board over the two poles of a 
liorae-sboe magnet, scattering iron fllings on 

its sur&ce,Bnd then tapping the paste-board Fig. 153 

lightly with a stick ; the fllings will arrange 

themselves in lines diverging from the poles 

tt the magnet in curves, the centre a being 

•HBjIy Iree from them : whilst the outline 

of both enda, as, of the bar will be well de- 

flned by tbe iron fllings, as shown in llie 

taagnetic flgnre. The extremities of the 

magnet, in wbicli the magnetic action ap- 

pesia thus to he concentrated, are termed 

polo. The greatest intensity oT action is not 

(bund to be exactly at the very ends of the 

Inagnet, tntat a little dismnce fVom them, representing centres, from which 

the magnetic force appears to radiate. The curves formed by the iron-filings 

may be conveniently regarded as pointing out the eiistonce of magnttic Una 

vf force, and the space between the two poles as equivalent lo a raagntlie fitld 

or space where the two forces mutually react The influence of the lines of 




1S4 MAOKKTUM. 

Ibne tmTeniDg tbe msgaelk field on certaui bodies will pTesenll3r &il under 

253. Let a magnetic bnr be 9iiiipende4 
Fig. IS4. by r thread tied round iw centre, or bf 

being filed on a pivot as aa, go u ta 
be free to move round avettioal aiiB; 
and ii will be found to assume, tdlei 
a few DscillalJODS, a constant positioB. 
ir il be moved ftom this posiiioii, dis 

coeiving IbtiM is removed. One of 
ibe polea (314) of tbe bai wUl be 
found to plant connantly towards the 
ni ind tbeoihei lowardslhe sooth. 
T irraer ■ is, in common language, 
ca.. the north, luid the latter « (be 
BOUui pole of llie magnetic box (220, 
323). 
S54, Approach towards the iwnA pole of a magnetic needle placed on a 
pivot (215), tlie »0B(A poloof a second magnet held in Ibe hand; immedi- 
Blelf tbe former will move towards the lauer, being atuscled b^it. If, then. 
the north pole of the magnal presented lo the needle, be subsdlnled for the 
aanth, the narlh pole of the movable magnet will By nninil to attain diegreal- 
BM distance posBibla from ii, repnlsion having taken place. Hence we learn 
that jKjfcf of till lamt name rtptl, and thoK of diffrrtHl namf attratt tach elhtr. 
That the atiraciion, or repulsion is mutual, may be proved by using two mag- 
net! on pivots inil^ut of bat one. 

255. Wbea a piece of iron is attracted by a mt^piet, il assomes magnetic 
propertie«. Present a piece of soft iron, a, towarJa 
the Krnth pole (2S3) of a. maimetic bar Ns ; it instantly 
becomes BItracled. And if a lecoitd bar c, bo pre- 
sented to a, it will attract it almost as strongly as ills 
ilitl/ Btiracied by tlie magnetic bar; pioving tbat ■ 
aaiumes mngnelic properlies under the ioflueuoe of 
the bar ns. Gradually slide sa off a, and insnntly 
mngnelic properties of the latter will vanish, and 
bor c will fall from iL The influenoe exerted by 
on B, is termed mAutiMi, beeauie it mAkh mag- 
icpropertiesin theboi; retaining tbem in it, whilst 
y remain in approiimalion. If the end of b he 
dipped in iron filings whilst in contact with Ri, they 
, arrange themselves in curved lines. And in the el- 
periment before mentioned (252), in which iron filings became arranged in 
curved lines, under the influence of a magnetio bei placed beneath them, 
the filings became magnetic by inductton, esch single one acting on its neigh- 
bor, like a little magnet on a pivot (253), BtliactiDg or repelling il 
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will adhere ti 



35S. Whenever the pole of a magnet indtices tnagnetism in a bat of iron, 
the end of the latter nearest either pole will acquire properties of the npposU 
a be brought near us, it will become 



kind to it Thus, if tbe ij 
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Fig. 157. 
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y^ajwiaritt by indnction (256), the end ▲ becoming the north, and b the Booth 
pola, pnmding the end ■ of the magnet were a aouth, 
and V a north pole. If the magnet air be brought in 
ooBtaet "With the middle of a bar of iron i. b, the cen- 
tra o will become a north pole, and the ends i. b both 
Kmth poles. And if the pole of a magnet be placed 
in the centre of a circular piece of sheet iron, the 
whole ciicumference will assume magnetic properties 
of the aame kind at that of the pole of the magnet, 
iHiilst the centre with which it is in contact will as- 
SDnie an opposite polaritjr. 

257. If m magnetic bar, bs, be broken in half in the centre, the half s will 
flbt be Ibandto possess all southern, and ir all northern polarity, as might per- 
h^w be expected, bnt both portions will become perfect magnets, each of the 
ftBotnred ends eihibiting a polar state, as i>er- 
foot as the entire magnet The fractured end 
/, becoming a south, and n^ a north pole: 
flWiffPjfr at this middle point where / and n 
join, no magnetism could, before breaking it, 
ba detected. 

2t^ From these and similar experiments, 
a toleiably satisfitctory theory of magnetism 

has been framed, which, if not correct, is certainly very convenient, as afford* 
ingakejto all the ordinary magnetic phenomena, and may be admitted as at 
l^aat a conTentional hypothesis. According to this theory, two distinct mag* 
Mtic fluids exist, one consisting of autiralt the o^er of boreal magnetism, and 
imder the influence of either, in a.fiee state, the bar of iron or other metal 
will point to the north or south poles of the earth according to circumstances. 
In otdinaiy iron, these fluids exist in a combined state, and therefore are per- 
liMstly latent, the metal appearing to be destitute of magnetism. These fluids 
exist in a certain proportion united to each molecule, or atom of the metal, 
and fhxn whidi they can never be dismnted; the only change which they are 
capable of undergoing being their decomposition into the separate elements, 
one of which in a permanent magnet, is always collected on one, and the 
other on the opposite side of each particle or molecule of metal. 

"lliis theory explains the curious circumstances of a magnet possessing no 
attiactive inflnence in its centre, and of its magnetism being apparently con- 
eentiated in the ix)les } for if ab represent a bar magnet, consisting of two 




Fig. 159. 




rows of spherical molecules, the eusfra/ fluid will all be collected on the sides 
of the atoms nearest a, as shown by the letter n; and the boreal fluid on those 
nearest a, or on the sides where the letter $ is placed. Then, the efl!ects of 
flie ematrai fluia. collected on one side of the molecule c, for example, will be 
completely counteracted by the boreal fluid on the opposite side of d, the out' 
tnl of thi« by the boreal of e, and so on, imtil we come to the last molecule A, 
whose mutral side, having no other atoms to oppose its action, will exert the 
attractive and repulsive efi*ects of free magnetism. In the same 
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er the borral aide oT t, will nhibii ihe phenomena of free niBgnPiism ; 
111^ g.ariicleB in Lhe seconil row will also be similadf Rtrangeil, sad exhibit 
BJinilar plieiiomenB. Thns we see tliat the ceniral porlioiis of a bar magnpl 
eaimal exhibit evidence of Piee tnngnelism, becauge Ihe magnetic fluid in 
one particle ii held vinually neuuntizcd, or diiiguised, by that next lo it, and 

259. An extension of this mode of reasoning will show why a Bteel ring 
may bo converted into a magnet, by pacBing it over the pole of a permaoem 
magnet, without iis exerting any aliractive influence on icon, or exhiluting any 
other phenomenon characterislie of free magneliam ; far here every portion of 
(be ring being frnfuniou, ilie separated fluid on tbe Bide of every atom is held 
(fi^gWMdby the free fluid of Ihe opposilo kind, on the opposed aide of (he next 
atom of steel in the series. On breaking such a ring in half, the terminations 
of the fniiiluced portinui II be enl energetic magnetic polarily, 

from the portions which disguisoi. uj | stale beingremovod, Atidthm 

every fnigment of a fractured bar is u fiv,.- magnet, a fact so interesting and 
exltaordioBiy that Ihe Abbe Hauy has w- termed mngneta la polypn da 

rtgni ttmrrat. A Gemian philosopher, E imaier, has proposed the follow- 
ing formula as exhibiting an bypothetic-al ' of tbe arrangement of magnel- 
inn in a magnetic bar ; it certainly poinlH um the absence of polar properties 
in the centre, and Ibeic gradual increase as we approach the exciemities of 

tbebBti 



■he latter x, with the positive exponents t, S, 3, itc, representing one (as Ihe 
aulral) fluid, anil with the negative eiponenla — 1, — a, — 3, the other, or bo- 
nal fluid. 

aOO. The phenotnenon of induction admits ofaBimilareiplanniion; for if 
the auttral pole, (or that which, if fVeely suspended, would point to the Ttorth,) 
ofa large magnet be placed at ^ in tlie last figure (258), and a soft iron bar 
t,d,i,f,g, kbe placed nearly in contact with it, the combined magnetiam will 
be deconiposed ; the borad fluid of each molecule will be attracted to tbe aide 
of the atoms of iron nearest i, its onMriil fluid repelled to Ihe opposite sides, 
and Ibe bar of irou will become a magnet If the coercing infiuence of the 
magnet a bo then removed, llie separated magnetic fluids recombine. and (Uo 
liar of iron is lefl free Oom magnetic properties; bnlif thebar be of bard iron 
VI steel, the inductive action {25SJ of the magnet i, although far lees power- 
ful, is consiilembly more permanent. Ibr the mi^^ietic fluids remain separated 
after ibe removal of the magnet which induced their sepetstion, or decompo- 
sition. Indeed, it would appear that the tiloser texture and greater density 
of bard iron or steel, are physical conditions which oppose themselves me- 
chanically to Ihe free and ready movements of Ibe imponderable fluida impri- 
soned in the interspaces existing beiweea their molecules. 

261. A magnetic bar properly balancsd upon a pivol (253) is generally 
termed a ntedle, and constitutes Ibe active agent in the well-known mariner's 
compass ; guiding lhe sailor when all other indications of his course bil him. 
This valuable instrument was used in Europe in 1 180, according to a saliricaE. 
poem of Guy of Provence, entilleJ " La Bible," in which it was minutely de- 
scribed. It is tolerably certain thai it was known to the Chinese, in a rude 
and imperfect form, under the name of rciiniin,or chariot of the aoulb, abmit 
2600 years before tbe Christian era. Marco Paolo was the first Etuopean 
navigator who applied the compass needle to the practical and important pui- 
poaes tor which it is now constantly used, in Ills return to Europe from the 
East Indies in 1260. This important property ofa magnelio needle pointing 
towards the north and south pules of Ibe eailli, Las been variously accounled 
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fcr ^ thus CSudan has flajiposed that a star lodged in the constellation of Urw 
Major attiacts ^e needle, whilst others with more probability have supposed 
the earth to be, or to oootain an enormous magnet, whose poles nearly oor- 
respond to the ^eographioal poles of the globe. 

S62. It seems, however, that, admitting the existence of but one magnetic 
pole in either hemisphere, it is difficult to explain the phenomena noticed by 
dillerent observers. In the northern hemisphere, two poles or centres of at- 
tndtkn have been distinctly made out, one in Siberia at 102** £. long.: and 
to the north of 60° lat.: the other, and apparently far the most important, is 
sitnated about 96** 4(f W. long.: and 73** 14^ N. lat. : these two i)oles are about 
200" ■pvtj measured across Greenland and Norway. The two southern 
polee are supposed to be located, one near Cape Horn, and the other to the 
•onth of Australia. If this be admitted, we must suppose that a large collec- 
tion of Dree boreal fluid is laid up in the northern, and of austral in the southern 
hemitphore, each having their greatest intensities respectively at the points 
just mentioned. And in this case, that pole of the magnetic needle which 
points to the north, contains free southern, or austral magnetism j because 
poles of the same name repel each other (254), and accordingly that pole of 
the needle which points towards the north has been termed austral^ and that 
towards the southern boreoL Prof. Hansteen supports this notion of the ex- 
istence of two magnetic poles in each hemisphere ; he however places them 
imther diiferently. On the other hand a high authority, Prof. Grauss, from 
very recent researches, is induced to contend for the existence of a single pole 
in each hemisphere. Dr. Faraday is, however, of opinion that the h3rpothesis 
of the existence of magnetic poles at the geographical poles is unsatisfactory, 
and diat the phenomena of tibe dipping needle lead to one of two things ; 
either diat the magnetism of the earth is simply the result of the induction of 
electric onrrents (491), or if a terrestrial magnet really exists, its poles must 
be oloee together near the earth's centre. 

963. Some philosophers have, with the celebrated Berzelius, preferred the 
terms fugatwe and pontive magnetic fluids, to austral and boreal. It signifies 
bat little which are adopted, provided their conventional meanings are well 
nnderstood, and as the terms auttral and boreal are almost universally used, I 
have preferred them. It is only necessary to recollect, in reference to a mag- 
Betio bar, that boreal^ tmUhem, and positive^ all refer to that pole which would 
point towards the south ; and auttral^ northern^ and negative, all refer to that 
which would, if freely suspended, point towards the north. 

S04; The magnetic needle does not point exactly north and south, a cir- 
comstanoe genemlly supposed to have been first 
obserred by Columbus in his earliest voyage of 
disoorery in 1492 ; and consequently the magnetic 
nwridiBn, or plane bisecting the earth in the direc- 
tion of the needle, does not coincide with the geo- 
gn4>bio meridian. The magnetic meridian is 
not constant, sometimes being on the east, and 
sometimes on the west of the geographic meridian ; 
this diflerenoe is termed the metgnetic declination^ or 
mote commonly, magnetic variation. Thus, if i.b 
le p ieee a t the geographic meridian, irs will repre- 
sent the direction assumed by a compass needle, or 
BHgnetio meridian, and the angle nca is termed the 
ai^e of declination, or variation. In certain por- 
tions of the earth the magnetic and geographic meridians appear to coincide, 
as in some parts of North America, the north-eastern point of South America, 
weitera part of Australia, &c. These places are connected by imaginary 
14 
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lu cnrvml linps, temed Ihe Una of m eartaliM. This line appear* lo 
prtigre»Bively otvi the inrracc of the globe; it passed ovrr Lonilon in 

^ I, in wbicli feat Ihc neeitle there pointed exncTly to Ihe north, and in 

1863 it passeil ovei Paris. In it» weslwunt course it haj lately travprsed 
AmericB. These hnre boen lately Iwmod by Prof Augasl, a^otnc lines, sml 
two or tbem are luppofHl 10 exist, one in the western hemisphere termed 
. the AmericftD agonf, nnd anoihei in the easlpin, or Asiatic aptnt. They both 
intersed the gengmpbic rtiBridians HI diiTeretit angles. Pior. Gaim is induced 
W believe thai (here exists a greater and lesser agone; the greater embracing 
llie globe like a meridian, passing through Uie magnetic pole aryl dividing 
the *«inh Into an essiem and western magnelic hemisphere. Of ihesa the 
fbnner will embrace Anstralia, Aiitbis, Persin, and Russia ; the Inttet inclad- 
itig the BBftem pails of North and South America. Gauss's lesser agone 
fbnn* an ovnl, and runs through Eaatem Siberia and Chinn. The menn de. 
elinalion in Europe is about 17°, inorensing lOWHrJs the west and ilocreo.*ing 
towards ibe leA, 
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265. Prof. Renwick found the variation of the magnetic needle to amount 
to 5° 28' W. at New York in 1837. At London the needle at present points 
about 24° west of llie true north pole, Ihe mnximum variation having been 
attained in 1818, wbcn it amounted lo 34° 30'. The preceding table pre- 
sents a view nf the variations of the magnetic needle in London and Paris 
during several years. 

The greatest variations ever observed, were by the Chev. de Langte, be- 
tween Greenland and Ubrador, amounting to 43° W.; and by Captain Cook, 
in eO" S. jat. ami 92° ^'J long., when the variation amounted to 43° C', east 
of the geopmphic meridian. 

266. The magnetic needle, if suspended on an axis al its centre of gravity, 
does not remain borizonlal ; its ajMtal end in our hemisphere dipping oon- 
■iderably, and appearing the heaviest; and in the southern hemisphere the 
opposite pole inclines: lliis is termed the dip or inclination of the needle, and 
B needle thus suspended is termed a dipptng-ntidk. At the eiguator, this dip 
tuarti/ disappearB,BS botli Ihe poles ere e^uidiatnnt from the geographic poles 
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of the enrtlif although it doe* not disappear entirely at the geographic equator, 
as this dilfers from the magnetic equator or the situation where the needle is 
horiaontal, in a similar manner as the meridians differ (264). Let ab he a 

Fig. 161. 




needle balanced on its horizontal axis c ; in England, then, instead of remain- 
ing horizontally, as bz, it dips or inclines towards the north, its austral pole 
forming an angle cbb of nearly 70** with the horizontal line dz. 

267. The magnetic equator is tolerably regular for a part only of its course, 
and may be represented by a part of a large circle inclined at an angle of 12° 
to 13^ to the geographic equator, which it intersects in at least two or three 
points. In the southern hemisphere, however, especially between the Sand- 
wich and Friendly Islands, this line presents numerous irregular and sinuous 
curves like the magnetic meridian. The magnetic equator is not circular, 
but if really an irregular double curve to which the term of acKnic line has 
been applied ; it, like the agpmc lines (265), appears to be undergoing pro- 
gressive motion, which, as far as observations have been made, is in a direc- 
tion from east to west The atUnic line intersects the equator at seveml 
points; one is at the present time near the island of St. Thomas in 29 £. 
long., another in the Paciiic at 142° £. long. A line connecting places where 
the inclinations oorrespoaded is called i»o clinic. The inclination or dip of the 
needle undergoes periodic variations, but by no means to so great an extent 

the declination (264). 



Inclination of 

1MW90W. 1 


the Needle at 

PABIS. 


Tear. 


Angle of 
Inclination. 


Year. 


Angle of 
Inclination. 


1680 . . 
1723 . , 
1773 . , 
1786 . . 
179Q . , 
1800 . . 
1818 . 
1828 . . 
1830 , . 




. 730-30' 
. 74 -42 
. 72 -19 
. 72 -8 
. 71 -63 
. 70 -35 
. 70 -34 
. 69 -47 
. 69 -38 


1798 . . 
1810 . , 
1818 . . 

1824 . . 

1825 . . 

1826 . , 
1829 . 
1831 . 
1835 . 




. 690-51 
. 68 -60 
. 68 -35 
.68-7 
.68-0 
.68-0 
. 67 -41 
. 67 -40 
. 67 -24 



The greatest incKtuitioni of the needle ever observed, were by Captain 
Cbok, who, in 60° 40^ S. lat observed it to be 43° 45^ ; Captain Phipps, in 
1773, in 70^ 44' N. lat found it to be as great as 82° 9^, or nearly vertical i 



208. The inclinnlion of ihe magnetic needlo wna discoTered by Robert 
Nornisn in ihe 16ih oenluiy, who Ibund it to amoont to 72°. The diminu- 
tion of lbs inai^eiic dip has been ^ing dd in London for the last baircenlur; 
wilh gTeai rc^ularit]', HI ihe tote o[ nboul 3' annually. Prof. Erofit i>r St. 
Petersburgli announced in 1B1I9, a very simple law governing the intenaily of 
thu dip, at diffcrsnl pnils or Ihe earth's ducrace, wbirb has been confirmed hy 
Ihe latpt lesearclies ofM. Bioi, tie.: if we measure tlie latitude of any place 
from the mngnelic equator, and calculate its tangent, it will be found exactly 
equal to half ibe tangent of the dip of iJie magnetic neeille al tbe pailiculai 

269. From tbe obserTationa of M. Queielet, it appears that tlie angles of 
inclination ami declination seem in Europe to be undergoing a lolorBhly con' 
ttani grailuBl diminution : these angles at Brusaela were found hy Ibis philoao- 
pber lo be of the following Talues: 



Month. 


Yetu. 


Inoiinalioii. 




Oetober . 


1827 


. aB»-56'S" 


23''-28'-8" 


March 


1830 . 


. 68 


52-6 


23 -as -3 


March . 


1S33 . 


. 68 


49-1 


22 -19 -0 


March . 


]g33 . 


. 68 




22 '13 '4 


April 


1834 . 


. 68 


38-4 


22 15 -2 


- March 


1835 . 




35-0 


S2 ■ 6 -7 


March . 


1836 . 




32-3 


22 • 7-a 


March . 


1837 




28-8 


aa ■ 4 3 


March . 


1S38 


. 68 


20 1 


aa ■ 3 -7 


March . 


1839 . 


. 08 -93 -4 1 


21 -53 -fi 



QTO. In addition to these, the compass-needle, like tbe barometer, under- 
goes daily and even hourly variations. The diurnal variationa of the neecDe 
■re such, that its auMtral pole moves towards the west from sunrise lo about 
an hour niter noon, when it reliogiades lowarda the east, until eight o'clock 
in the evening, after which, it remains neatly statitntary, until euniiae. The 
amplitude of these variations ditfers conuderably in different parts of the 
earth, and even in different months of the year; in London it auains, in June 
and July, 1 »'-6", and in December I'-G". In Paris, its maiimum isasin Lon- 
don in June and July.and varies from IS* to IC, falling in December lo 8' or 
Vy. In Ih^ nonhern parts of Europe and America the diurnal variations are 
more considerable, hut less regular; and under the magnetic equator (2G7) 
they vatush entirely; and on the eouth of the equator (hey reappear in an 
inverted order. 

Recent observal ions have indicated tlie frequent existence ofmagnilic ilormt, 
in which the needle becomes acted upon in a very reniarkable manner. For 
a moat elaborate and interesting account of tliese exttaonlinaty results I beg 
to refer to a paper read by Dr. Brooke before die Royal Society in 1847. This 
gentleman contrived an apparatus with the most consummate ingenuity and 
skill, by which all the variations of die magnet were self- indicated hy moans 
of a pencil of light reflected by a mirror fixed to the suspended magnetic 
bar, impinging upon a strip of sensitive paper (871) fixed to a glass cylinder 
reTOlving by clockwork on its axis once in 12 houTB. It is impossible in this 
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work to do jostioe to these important obeervations, but I would refer my reader 
to Dr. Brooke's paper, published in the Philosophical Transactions, not only 
for its great value, but for its being a model of patient research guided by 
remarkable talent. 

271. Besides these rtgular variations, there ar^ others connected with cer- 
tain meteoric and electric phenomena; the appearance of the aurora borealis, 
an eruption of a volcano, a flash of lightning, all exert perturbing effects upon 
the magnetic needle. The latter indeed has occasionally reversed its polarity, 
or even destroyed it entirely. 

272. The intensity of the action exerted by the earth on a magnetic needle 
varies remarkably in different parts of its surface. Asa general rule, it is less 
active at the equator than at the poles, and is weaker in the warmer than the 
colder parts of the earth. Professor Hansteen has applied the term of ito* 
dpumne Hnu to lines connecting the different parts of the world which act 
upon the magnetic needle with equal force. In their position they approach 
the isoclinal lines (267) already described, although they still more closely 
correspond to the lines of equal temperature or ito4hermcU lines (838). The 
magnetic intensity is greater in the western and northern tlian in the eastern 
and southern hemispheres. Hansteen has given the following values of the 
terrestrial magnetic force of several places. 



St Petersburgh 






- 1-403 


Stockholm 






. 1-342 


London 






- 1-330 


Berlin 






- 1-364 


Paris 






- 1-348 


Vienna 






- 1-325 


Florence 






- 1-278 


Madrid • 






- 1-294 


Rome 






. 1-264 



273. The action exercised upon the earth by a magnetic needle is not a 
directly attractive, but rather a directive force; for if a magnetic bar be placed 
on a cork, and allowed to float on the surface of a pool of water, it will not 
traverse it so as to reach its northern side, but will remain where it was 
placed, but with its poles arranged in the magnetic meridian. The bar will 
thus point towards both poles of the earth without evincing any tendency to 
move towards either. Hence the influence of the earth's polarity on a needle 
is d in et i oe not aUraetwe and may be represented by two equal parallel, and 
opposed forces. This may be readily understood by admitting the distance 
of the magnetic poles of the globe to be almost infinite with regard to the 
needle, and thus permit their influence to be exerted on the needle in parallel 

Fig. 162. 




lines. For if a magnetic needle ab, be made to assume the direction «■ by 
U^ H^U««jo„ ^».y force,U. result^t of a.1 U>e forcea >.hich ac. obB,™., 



H&SNKTI8M. 

en a, 10 move it townit i, mar ^ leprewnlod bf Gt, pBTCillel to tc. B«i 
Ail fores raoy be roBolved (08) into oihern, onp. if, potallol, nnii anothfr, it, 
perpendicular to BC. Oti rampleling llie parallslograni bbip,i!ib line Bi- wil! 
reprwcnt that pait of the furce oi, which is cffeclive and ociivs in raoring a 
lownni* X. Al Ihe other ««id a, of ibe nenlle a similar HppliMtion of ihe 
pKrallelogram oflbroei will also ".pply; the force* aciiog on the opposite ends 
of Ihe nealle in oppowd diroctiona will lend to produce iimilar effecia, nnd 
to dir«rt Ihe needle bb into llie direction of the magnetic tneridiao ah. This 
dinclia action on the needle is always tqual lo Ihi tint o/tht angli made by it, 
with the magnetic meiidiRn. 

274. OcoBiionallyo magnetic bar will be met wjih, in which magnetic pr» 
petli» ara developed, not only ai its polw, but in certain intermediate poei- 
tions: thi! ariaei from an irregular dislutbonce of the equilibrium of the two 
Baida, antl is generallyoonnccted with some peculiarity ii 
tai, or in Ilie mode in which ihe decom position of its li 



magnetism is effected. In such a bar, if placet! beneath a sfapet of paalehnmiJ, 
and iron Hllnga siAed over it, the eiiatenae of its several poles will be demon- 
(ttated by Ihe manner in which the filings he<.-ome arranged. Thns, inalciul 
of forming two series of curves (i52J, Ha many become devela[ied a 
are polea in the bar; pointing out the position of what are called eon 
pola. Thus, in the above figure, ba are die terminal, and ab the conseculivo 
poles. 

275. In the fbregning remarks, the only substance mentioned as capable of 
assuming and presenting magnetic phenomena, is iron. It baBglu^wever, been 
long known that (wo other metals al least, nickel and cobalt, possess a simitar 
properljT, alihough in a much teas degrge than iirai. From eome researches 
of Coulambi however, it appented probable tlint some organic aubstancee were 
obedient to Ihe influence of a magnet. The whole subject h»« lately received 
a vast and unexpected development in Iho hands of Dr. Faraday. This dis- 
tinguished philosopher found liiat when a powerful electro-magnet (483) was 
employed, the following bodies were acted upon with varying intensity, and 
bence they must be added to ihe category of magnetic metals witti iron, 
nickel, and cobalt. 



Titanium. 

Palladium. 

Platinum. 

Osmium. 
ST6. It was moreover discovered that the salts t>[ tliese bodies were, as well 
M those of iron, nickel, and cobalt, obedient to the powerful electromagiiet 
when made into bars by Hlling thin gbisa tubes with them. Nay, their solu- 
tion* vera abioluiel/ thus acted on. Green bottle-glass, CfOwti-gtasii, on^ 
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even a roll of writing p^per, are sttnoted hf the magnet in oonsequence of 
thair onnniining iron. 

877. Aa magnetiflin alwajB exists in iron, altliough in a latent state, it is 
gMuUly eixoited, or in other woids the combined fluids decomposed, by yarious 
pnxsenea. A bar of soft iron placed in the magnetic meridian (264), almost 
instantly, under the indoctive influence of the earth, acting like a second mag* 
net (256), acquires a low degree of polarity; if the iron be too close and com- 
pact to allow this ready decomposition of the magnetic equilibrium of the bar, 
a iBW blows applied at one extremity, to cause it to vibrate, will, general If, 
▼eiy considerably aid the inductive influence of the earth. A bar of iron 
hesrted red-hot, and allowed to cool in the direction of the magnetic dip (266), 
will generally be found to be magnetic, and bars of iron left for some time in 
this position, c» one approaching to it, will acquire a low degree of magnetism : 
hence pokers, tongs, iron hooks, or other ferruginous bodies long kept in a po- 
sition of about 70 degrees with the horizon, are always found to be more or 
less magnetic. A thin bar of iron, as a piece of wire, may be rendered mag- 
netic, by forcibly twisting it until it breaks. A strong electric discharge will 
produce a similar efiect, and even, according to some observers, exposure to 
the violet rays of the prism. 

278. An iron bar may be rendered magnetic more readily by various pro- 
cesses, technically termed Umdut, all depending upon inductive action (255). 
The simplest mode is to pass one pole of a magnet over the whole length of 
a bar of iron or steel, of course always in the same direction ; the end of the 
bar last touched by the boreal pole of the mag- 
net becoming an atutral pol& This is usually Fig. 164. 
termed the process of the ringk touch. Another jl m 
and oonvenient mode, is to join the opposite 
pdes of two magnets i.b, to place them over the 
oentre of the bar of iron c, and to separate ab 
ftom each other, drawing them in contrary di- 

lectionB over c. They are then removed, again placed together, and reap- 
plied to G, onoe more separated, and so on, the bar c ultimately acquiring a 
Tery energetw degree of magnetic intensity. 

The process of the aqKoraU totidi is somewhat similar to the last, except 
that the ends of the bar c, rttl upon the opposite poles of two sets of magnetic 
bars made by festening four or flve together, with their poles in the same direc- 
tion. ▲ and B are, instead of simple bars, similar compound magnets, not lying 
on the bar c, but elevated at an angle of about twenty-five or thirty degrees ; 
they are united and then separated by drawing them to the opposite ends of 
the bar o, as in the last described process. 

279. In the process of (Epinus, or the double touch the bars are similarly 
plaoed, as in the tqxtrate touch last described, but the magnetizing bars are 
inclined at an angle of fifteen or twenty degrees, and not separated ; but moved 
from the middle to the ends of the bar of iron backwards and forwards, com* 
mencing and ending the friction in the middle. In the following figure, a a 
is the bar to be magnetized, m and nV, the fixed magnets on which it rests, 
and VB, vV the movable* magnets, kept asunder at bk^ by a small piece of 

Fig. 165. 
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wood : by tliis procEst very thick taiB may be ie«dily magniMized, Tho 

magueU pmplofpi] in these prr-cesaes <lo nrii give up any partioD of their 
fluiila to ihe borg, lliey are ueeii merely lo cailt in the manner alicody ei- 
plained (S&O) ; aa eaeh panicle of mBgnelic Quid ia firmly tied to the atom oT 
iroD lo u-bkh il belongs (S^t^), and consequently ihfy da ocit iuSer by the 

360. A mosl excellent mode or expidne magnetism in bent steel bars is the 
following, the merit of which is due to Jacobi of Dreulen. Let iB be die bar 
to be magnelized, place it on the table in contact with the poles of a hor^e-sboe 
magnet n. then place a barof aoA iion on the poles or xe and ghde il ovei ai 
in tbe dite<;Iion of the anow; the»lin it off, replace it, aeain glide it, and bo on. 
After doing this Ualf a-dozen limc) the friction should be apjilied to the oppo- 

Fig. 1B6. 



;te aides, and (he bar will be Ibund powerfully magnetized. Peschel siK> 
cecded, by aiioking a horse'Slioe of atael of one pound weight 
Fig. 1 07. sii times in this manner, in rendering it so powerfully mag- 

netic, tliat it lifted with ease twenty-six pounds nine ounces. 
381. Magnetic bars are eomenmea bent into the shape of 
the letter ir, and are then termed kom-ihat magnets ; and 
several are not unfrequently fnsloned logetlier, with Iheir 
simitar poles in the same direction, eonsdculing a batiery of 
magntli. In tliis case they are peculiarly fitted for lifting 
henvy weights, as, by atiplyiiiti a bar of soft iron, i, lo 
their poles, il becomes 1^ inductiva action (3SS), s mag- 
net, and will adhere to the poles with a very coiuiderabia 
force. In constructing magnets, it is usual to draw, with a 
file, a line on that end c^ the bar which ic is intended to 
convert into an auilral pole, or that which, if freely sus- 
pended, would point towards the north pole of the earth. 
2Ba. The rti«rcioii^^)r« of the other magnetic metais, by which is meant their 
power of retaining magnetism once developed in them, especially nickel, is 
not 90 energetic as thai of iron, according to the experiments of Biot. The 
bars used for these researches ivere prepared by Boron Thenard, and were 
as free from iron as the chemical skill of that philosopher could render them. 
M. Biot found that the magnetic intensity of bars of steel and nickel, of the 
same size, were to each other asOOOS^IS to 000684, the intensity of the 
steel magnet being more than three times as great as that of nickel. The 
magnetic intensity of cobalt has not been examined so carefnlly as that of 
nickeL ' 

283. A beautiful illustration of the mode of determining the intensity of 
forces acting on a needle, by a number of oscillations it perforins in a given 
lime, is found in the demonstration of the law of intensity of magnetic action, 
for which, among a bostof otiier invaluable investigations, science is indebted 
to M, Coulomb. A small needle suspended by a single thread, and protected 
ftom the influence of afitial currents, performed fifteen oscillations in one 
■niante; let tbe dlirectire force (231) of the eaitb producing these be called 
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«. A king steel magnet placed in tht magnetic meridUm^ bad one pole ap- 
proMohed to the distancse of four inches from the needle, the latter made 
Ifartj-ene oaeiUationa in one minute ; the force thus exerted may be called n/. 
On removing the pole to eight inches from the needle, the latter made twen- 
ty-finr oeoillations in the same time; this force may be represented by m^. 
The action of the magnet on the needle, in the first experiment, is wf — m, 
and in the second wf'—m, because its effects resulted from its own force phtM 
the attractioii of the earth, thus, 

i^-m _ 41)«-(15)« _1456_ 

«!•' — m""24)''— (ISy 361 ' 

here, in the second experiment, when the distance of the needle from the 
pcrfe was twice that of the first experiment, the magnetic intensity was found 
to be diminished, as nearly in accordance with the law, of its being inversely 
as the squares of the distances, as experimental investigation could be ex- 
pected to approach. 

284. Magnets, if lefl to themselves, gradnally and in a space of time vary- 
ing with the hieundness of the metal composing them, lose their magnetic 
properties, from the recombination of the separated fluids. This is prevented 
by keeping their poles united, by means of a piece of spA iron, which, be- 
coming magnetic by induction, reacts on the magnetism free in the poles of 
the magnetic bar, and tends to increase instead of diminishing their intensity. 
This eoerting force becomes remarkably diminished by raising the temperature 
of a magnetic bar. If a magnet be heated to 100^, it appears to lose much 
of its attractive power, but recovers it on cooling. But if the bar be heated 
to ndness, and then cooled, it will be found to have lost all traces of mag- 
netism. On the other hand, the power of a magnet appears to increase with 
in diminution of temperature to an almost indefinite extent In the weakly 
magnetic metals, their power becomes remarkably increased by exposing them 
to a tamperatnre below zero. If a ball of iron be heated to whiteness, it 
cs as e s to have any action on a magnet needle held near it. Nickel, at a 
tempefttore of 630^, acquires a similar passive state. 

289. Arti^poial magnets have been constructed by reducing to powder the 
native magnetio oxide of iron, and forming it into bars with wax and oil. 
They may also be constructed by forming the artificially prepared black oxide 
of iron, into bars with wax, and magnetizing them by one of the processes 
■liendy described. 

A gieot nnmber of mineral and even organic matters api>ear, from the 
leseansbesof Ooakxnb, to be capable of assuming a faint and transient degree 
of polarity. And when studying the science of electroKlynamics we shall 
lean dwt all metals nnder the influence of electric currents are capable of 
■oqniiing well-marked magnetic properties (470). 

986. ffitlieito, when a body, not itself possessing magnetio properties, has 
been alluded to as obedient to the action of the magnet, we have found that 
it is equally attradwe by both poles. Thus when a bar of soil iron is sus- 
pended over the poles of a horse-shoe magnet, so as to be free to move, it 
aUains a state of rest in a position parallel to a line connecting both poles, or 
in die direction of what has been aptly called the lines of magnetic force; 
the cause of which may be rendered obvious enough by sifting iron filings 
over a piece of card-board resting on the poles (252). Br. Faradfiy, however, 
diioovered the remarkable fkct that a vast number of bodies are mutually 
iijuflsf by both poles. And thus, when formed into bars and suspended by 
means of a long and slender thread between the poles of a powerful magnet, 
tbey vibfalBi and ultimately come to rest in a line equi-distant from both 
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poles, and perpendicular to the lines of maj^netic- fbfce. A directknii tou^ 
quently at right angles, to that taken by a bar of iron. As this powei^ al- 
though obvious enough, is still far weaker than the attractive power a/t 
cised on iron, some little management is necessary to render it evident 

287. The best apparatus for this purpose consists of an electro-magnet (483), 
both because of the immense power which may be communicated to it, ud 
of our being able to reverse or destroy its polarity at wilL 

Fig. 168. 

A. 




An electro-magnet ks, capable of holding a bar of iron on either pole wiA 
a force of at least fifty or sixty pounds, should be firmly fixed to a woodei 
support. From the ceiling of the room a slender thread ab, should be so^ 
pended, having attached to its lower end a double hook or cradle of thin cop- 
per wire. The substance to be examined should be made into a bar, or, if 
in powder or solution, placed in a thin glass tube, and carefully alk)wed to 
rest in the little cradle. A cylinder or case of glass ought, in many oues, lo 
bo placed round the apparatus to prevent the interference of currents of ut. 
The wires cz of the coil surrounding the iron bars should then be coonecied 
with the battery. The iron bars instantly become powerfully magnetic, tnd 
the body placed in the cradles will either be- attracted by both poles tod 
assume a corresponding position, or be repelled by both, taking up a posilioa 
at right angles to a line connecting them ; or, lastly, be quite miaffecied. A 
bar of iron will illustrate the first condition, one of bismuth the seoond, and ft 
tube full of air the third. 

288. These bodies which are attracted, however feebly, by the pda Dr. 
Faraday proposes to call magnetic accorrhng to general custom, those whidi 
are repelled he terms dicHnagnetici whilst those which obey neither fbioe us 
regarded as iMcKffererU, 

289. The first substance in which these new tUa-magnetk ptopertiies weis 
detected was a heavy glass, composed of silicated borate of lead* A bu of 
this two inches long and half an inch thick was suspended between tb/t pokt 
(287) and allowed to come to rest. As soon as the bar was quite quiet, the 
wires cz of the apparatus were connected with a battery often pairs on Mr. 
Grove's construction (420). The bars instantly became powerfully magnslie, 
and the piece of glass as quickly moved away fVom both poles round its point 
of suspension, and took up its position at right angles to a line oonneciing the 
poles. The position of the piece of glass was uninfluenced by revemns ths 
magnetism of the bars, being always repelled by both poles tinder all oiieniB- 
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tbstit might be regarded as a magnet pointing east and west, in 

> the nofth and south poles of fhe electro-magnet If but one pole 
^et be employed, the same repulsive action is exerted, although of 
h less energy. 

> produce the effect of pointing across the lines of magnetic force, 
tf the dia-magnetic body must be long. A cube or sphere will not 
t, but two or three placed side by side in a paper tray will. But 
f any shape are repelled. Thus, if two fragments be suspended 
he poles parallel to each other, they will appear to attract each 
onsequence of being simultaneously repelled by both poles, 
int'glass is similarly acted upon by the magnet, but not so power- 
e heavy glass. Cylinders of phosphorus, sulphur, and caoutchouc 
^ affected by the magnet A large number of crystaline bodies as 
:her, alcohol, oils, water, and blood, when inclosed in tubes, were 
o be dia-magnetic, and to become repelled. Animal flesh is thus 
i; hence, as Dr. Faraday has observed, if a man were suspended 
oles of a sufficiently large magnet, he would be repelled, and point 
rest. 

long the metals, the following were found to be most energetically 
X in the order in which they are placed. 

Bismuth. 

Antimony. 

Zinc. 

Tin. 

Cadmium. 

Mercury. 

Silver. 

Copper. 

is very readily thus acted upon, an^ a small bar of it, two indies 
aif an inch wide, is peculiarly fitted for the exhibition of the phe- 
>w described. 

e fact of salts of the magnetic metals obeying the attractive action 
rliil electro-magnet has been already alluded to (276). In the case 
ne curious and highly interesting anomalies were observed, evi- 
lected with the constitution of tlie salt Thus the chlorides, iodides, 
phosphates^ chromates of iron, and even Prussian blue, all obeyed 
on of the magnet, whilst the yellow and red prussiates of potass, in 
iron does not play the part of a base, were repelled and appeared 
«, A fine illustration of the relation between the force of magnet- 
le molecular constitution of a salt 

iday placed solutions of protosulphate of iron in thin glass tubes, 
pended them that tliey could be immersed in glass vessels placed 
10 poles of a very powerful electro-magnet He thus discovered, 
a tube was filled with the solution of iron, and immersed in a so- 
on of the same strength, it was utterly indifferent to the action of 
t When immersed in a much stronger solution, it was repelled 
wtagtutic^ and when in a much weaker solution attracted like a 
idy. Water being a dia-magnetic (288), and sulphate of iron mag- 
ation can be prepared of such strength as when suspended in the 
wolutely indifferent to the action of a magnet. 
B following list is given by Dr. Faraday* as giving a view of the 
with which different bodies exhibited magnetic and dia-magnetio 

u 

• Phil. Trans., 1846, 



Osmium. 
ArseDic 

Indiffeml Air and TBCUum. 

Elher. 

Alrohol. 

Gold, 

Waler. 

Mercury. 

Flint-glaas. 

Tin. 

Heavy ■g\tisa. 

Antimony. 

PllOIFpbOEUl. 

Dia-magKclic Bismulb. 

395, It is lenlly dilHcuU lo guess st Ibe limit which maj cxict to Ibe poml 
of magnetism in controlling or influencing nioleciiliu foicea. The ebbonM 
inVBStigations of Dt. FatBday have opened out a field of lich promisB, i 
tbice which n few yeacs ago was supposed to influence pieces of iron 0l6f, 
IS Iqr iheBe ceseoEcbes shown lo act upon nlmoit every Ibrra of ponderable 
matler. It a perfectly true that La B&illiT BOme yeara ago ascenained thai 
pieoes of bismuth and antimony acted on the tnagnelic needle, and thalOi' 
lomb nude a similar slatpmeni regarding many organic subaianoes. Bo' 
neither of these philosophers followed up their observations, and to our ovn 
distinguished comitryman is due all [he merit of the important diseoTetifs of 
Whicb I baVG given an outline. 

296. There are some few remarks on record respecting the influence at 
magnetic poLariiy on the roduRlion of metals and crystal ization, hitherto le- 
gardedas but of little importance, but the discoveries of Faraday make all 

them necessary. Bcrielias stales, on the aulhoriiy of Hanaleen nnr! Maadi- 
mann, that when the centre of a U shaped lube is filled with menmry, and 
a solution of nitrate of silver poured into either leg, the reduotion of the silver 
and growth of the ^rbor Diana lake place equally in either leg when they 
are placed reapeciively east and west. When, however, tbey are placed 
parallel to the magnetic meridian, tbe silver is reduced in greater abundance 
in llie northern leg, Murray has stated that when iron wires are placed in 
weak solutions of nitrate of silver, no cliange lakes place, but the silver is 
reduced immediately the wires are rendered magnetic by bringing near them 
the poles of a powerful magnet, Anoiher curious statement bas been made 
by Ludecke, that when a glass vessel conlaining a concentrated solution of 
sail is allowed to real on the jioles of a powerful horse-sboe magnet, the crys- 
tals which form will be collected at Ihe bottom of the glass in every part, 
except a space corresponding to the two poles and the magnelic field between 
them. Ludeoke mentions solutions of acetate of load and sal ammoniac as 
readily exhibiting this phenomenon. This mighlbe eiplained by regarding 
them as dia-magnetic, bail he not also slated that sulphate of iroa presented 
the same eflect, which salt being magnetic would not permit of the same 
explanalion. 
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297. If a fhiok glass tube, previonsly mdde dry and warm, be briskly rub- 
bed, fiir a few seconds, with a piece of silk or woolen cloth, also dry and 
warm, and then held near small pieces of paper or cork, placed on the table, 
these light substances will be attracted by the excited tube, and leap towards 
it After adhering to its snrfhce for a short time, they will be repelled to- 
wards the table, after touching which, they will be again attracted by the tube ; 
and these phenomena will be repeated, until the properties excited by the 
pieTioufl fUction on the surfiice of Uie glass vanish. A piece of amber, sul- 
phur, or sealing-wax, after excitation by a woolen cloth, will exhibit the phe- 
nomenon of attracting lig^t bodies, like 
theglMBtnbe. Fig. 169. 

398. Sospend a light ball of pith (^ 
elder, oat cork, by a long silken thread 
flDm die ceiling, or any oonvenient sup- 
port, and approach towards it an excited 
gfaui tube, the ball will be attracted, and 
after adhering for a short time to the 
tnbe^ will be repelled to a considerable 
diwf noe, nor will it be again attracted 

untU it has touched some substance connected with the earth, and thus lost 
the peculiar properties it had acquired by contact with the tube. 

'W}ulalt the pidi ball is thus repelled by the tube, bring towards it an excited 
pfieoa of •ealing-waZfit will instantly be attracted by it, soon, however, becoming 
repelled, when it will rush towards the glass tube, if held sufficiently near. 
It will thus vibrate like a pendulum between the excited glass and sealing- 
wax, being alternately attracted and repelled by each. 

299. From these simple experiments we learn that certain bodies acquire 
bf flriotion properties of which they were previously destitute, which proper- 
ties become rmdily manifested by the attraction and repulsion of light bodies. 
As these phenomena were first observed in pieces of amber (SxtxTpov) the 
tenn eleetrieUy has been appUed to the properties thus excited. We also, 
ftom the observations just made, learn that the electricity excited by the fric- 
tion of gfaui is communicated to pieces of paper, or pith balls, placed in con- 
tact with it, and that the bodies thus acquiring electricity are repelled by the 
tube, until after they have given up their acquired electricity to some body 
brought in contact with them ; and as, when thus repelled by excited glass, 
the ball is attracted by excited resins, we have fair and valid reasons for con- 
cluding that the electricity developed in these substances by friction consists 
of two difibrent species or kinds. That which is acquired by excited glass is 
termed the pitreoue or potiHve electricity, and that by excited amber, wax, and 
resins, the rvfinoMt or negative electricity. We learn, moreover, that bodies pop- 
15 




ELKOTRlCnr. 

rt altraettd by than pouating the ofpoiitt land, anJ 
lamr kind. A substance possesaing eitlier cpnnet 
( said to lie tUarifitd; nfgativfli/, if ita eleclriciif 
b« D^atiiBj and poiMvdy, if il ba positive. 

300. In oonBttqttenoo of ihe wai. glaM, ace in the preceding experimenU, 

BCQUiring eiociricilj- by friciioo, ihoy are said tobeidio-riedric, whiisi those na 

poswuing lliiJ property, a> roelnls, are lerraed atttttttria. From Ihe general 

law of bodies, similBrly eleeltifled, repellmg each other (399), we acquira a 

very conveniont mode of tlHleuline ^le presence of 

Fig. no. flroe eleelricil/: instead of a sinRle pilh bull (398), 

uao two. Hied one to each end of a piece of thraail; 

and hens Ihia by the middle across a St support. On 

touching Ihlslinle npparfttua with the excited lube or 

soaling-wai, elocii y will be eommunioalod to il, 

and the ball* beiu^ similarly eledriiial, will repel 

each other, and lepaiate to a considerable disiance, 

forming the tirnplcst kind of electroscope oi indictilor 

of free electricity. 

■ither end of a hollow cylinder of tin, c, supported by» 

[, a wire or tod of metal, as brass, B, and one of glass or sealing 

and euapended from each a pair of pilb balls, fixed to thnad or 

Then touch the middle of the cylinder o with an excited gloas tabs; 

immediately the pith balls siiapended from the brass rod ■ will sepatHie from 

each other, whilst those suspended from the glass i. will retnain unaffecisd. 

This curious phenomenon arises from cenain 

Fig. 171. bodies, as mmals, ooiton, thread, &c., poseesaiDg 

the properly of londurting electricity; whilll 

others, as wax, glass, silk, &□., are it>capableor 

being travereeil by it. On this atcount, bodies 

lave been divided into two great groups; re* 

duetora and non-atnduet^s of electricity; tbfl 

IHrs, nnd liie InKer with idio-tlKlriri (:)0(.t> 

The line of demarkalion between Ibme tiro 

strictly definable, as a large number of snbstanee* 

city when pitaeni in large quantities, aiid insntata 

whose conducting powers vary with their tempen* 





substances ; whilst glass, and all vitrifaclions, gems, resins, sulphur, n 
oxides, organic subslancea perfectly free from water, and ice, are all more or 
less perfect noti-conduclors and id io electrics. A substance supported by B 
non-conductor, as when placed upon a stool of glass legs, is said to be irauliUti, 
from its electric connections with the earth being separated. 

tlie reason of which latter circumstance, the preceding observations will en- 
ablo us Io understand. The two species, or negative and positive electricity, 
exist in nature combintd, forming a neutml combination, in an analogous man- 
ner to the two magnetic diiids (BSS), incapable of exerting any obviou! 
physical action on poiidciable matler. By the process of ftiction, or other 
mechanical or chemical means, we decompose this neutral combination, Ilie 
negative and positive elemenLs separate, one adhering to Ihe surface of the 
excited sulistance, the other to ilie rubber ; hence. In no case ol' electricsitei- 
ciuitioa can we obtain one kiud of elecukity, without the other being siraulla' 
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neonsly deTeloped. And all electric phenomena, from the simple ones just 
described, to those of a more brilliant character, which we shall presently 
examine, axe referable to the mutual attraction of the two separate electric 
fluids for each other; hj which they attempt to combine whenever they have 
been artificially separated. ■ There is an essential distinction between the 
properties of the magnetic and electric fluids connected with their diflerent 
relations to ponderable matter. Thus, if we admit the existence of a mag- 
netio fluid at all, we must grant that it is necessarily firmly united to each 
molecule of ponderable matter; so that although we can disturb the magnetic 
equilibrium of an atom, we cannot disperse its magnetism among other atoms. 
Whereas in the case of electricity we can sever the two electric elements, 
and in appearance, at least, compel them to separate to a considerable dis- 
tuoe, in diflerent masses of matter, as shown by the ' phenomena of indue- 
tifXL We do not observe any free electricity on the surface of metallic bodies 
submitted to fViction unless carefully insulated, in consequence of their so 
readily conducting electricity, that the re-union of the negative and positive 
fluids tidtes place as rapidly as they are separated by the friction employed* 

Both forms of electric matter, separately, produce precisely the same phy- 
sical effi^cts on bodies, differing only in their properties in relation to each 
other. These electricities, although frequently called fluids, have but little 
claim to that designation ; in using it, therefore, let it be always understood in 
a oooventioiml sense, n6t as expressing any theoretical view of the physical 
Mates of electric matter. 

304. Certain pieces of apparatus, termed electrometers, or more properly 
electroscopes, are constantly called in requisition, in prosecuting the study of 
electric science; the pair of pith balls already describe<l (300) are frequently 
called fay this name, and employed to detect the presence^of free electricity. 
As the currents of air always moving in the atmosphere, render the indica- 
tiODS of the pith balls obscure, they are frequently suspended by linen threads 
to a metallic rod flxed in the neck of a glass bottle or cylinder, a. On touch- 
ing the top B of the apparatus with an excited piece 
of glass or resin, the electricity is diffused along the Fig. 172. 

metallic !rod c, in consequence of its being a good 

cooduoior, and reaching the pith balls, they, becoming ' ■ ■■ '^ 

rimihirly elctrifled, repel each other (298), and by 

tlieir repulsion the presence of free electricity is indi- 

oaied. The electric fluid does not escape from the 

lod e to the earth, in consequence of the glass jar 

supporting it being a non-oonductor, and therefore 

■otiiig as an insulator (302). 

The electricity thus acquired by the pith balls gra- 
dually disappears by its becoming neutralized by ac- 
quiring ih>m the circumambient air, the electricity of the 
opposite kind to that with which it is charged. If the 
outside of the glass vessel in which the pith balls are 
suspended, be moist, they will still more rapidly lose their electric state, in 
consequence of their acquiring from the earth the opposite electricity, and 
thus luiTing their natural electric equilibrium restored. For this reason it is 
absolutely necessary to carefully dry the exterior of the glass vessel, to insure 
the success of an experiment To prevent the deposition of moisture on this 
IS well as all other pieces of electric apparatus, it is usual to cover the upper 
part of the glass externally with a solution of shell lac in alcohol; this, on 
drying^ leaves a nearly transparent covering of an excellent insulating sub- 
Manoe, which is less liable to attract moisture from the air than the naked 
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305. Tha beat electromptera are generalljr furnished 
Willi H canlhTBuce incented by lim iBle Mr. Singer. 
In iliis arrange mem ihe metallic rod to wliicb llie 
pitli balls are aitacbeil, passes througb a glasa tube, 
coveted botb eiietnallj and inicinally wjih lac vtir- 
nlab ; this rod is retained in its place at ■ by a plug 
or silk, lac or other non^ionductinE aubatance; Ihs 
ii or this conttivance ate sufficiently obvious, 



fori 






alter hoFing remained nuu 



eutralized excfpling from the 
r, until the whole of the interior of die tube i, and 
e outside of (he apparatus becomes covered with 
oiature. I hava repeatedly ibund such au instru' 
ent perfectly »en»ililo to tnete traces of electricily, 
sed, and even cc id with dust, during aii montha- 
K> discharge these nstruments of all the eleolriciiy 
comnmnicaied lo iliem, two slips of [in-fbil ^n are usually fixed along the 
inside of the glass case of ttie insliument, so as lo touch its base, whicb tor 
this purpose must be of metal or some good conductur. Ou communicating 
electricity lo auch an electronieter, the pith bails separate, and, strikiDg the 
elipa of tin-foi], thus became reiidily nneleclrided. 
Fig. 174. 306. When we have occoaion to detect any mimile qnanli- 

j^~~j ties of electric matter, the weight of the pilh balls in the last 
^fwf^ described eiectrometeT intexTerea too much ivilh Che deliiscy 
r*! of tlia inalrimieut ; oa tbie aocount two sletuler sbps of leaf- 

gotd, hauging parallel to each other, are with great advantage 
eubetituteid lor the pith balla. A gold-leaf electrometer, with 
Singer's mode of insulation (305), fumiahea us with the moat 
delicate inatrament lor llie detection of small qusniilies of elec- 
tricity which haa yet been contrived. 

3CI7. All llie inslruments above described, merely indicate 
the prtieiux, and not the guanliTy of electricity present in any 
Buhnianoe in a free stale. For a mode of gaining an approx- 
imalion to the knowledge of proportion of electricity, we 
ere indebted to iha sagacity of M. Coulomb, 
whose torsion balance well liilfilli the expecta- 
liona of its contriver. It conaiats of a slender 
beam, B, formed of a filamenl of lao, furnished 
with a gilded pith ball at one end, and a little 
vane of paper at the other. This ia suspended 
by a fine metallic wire, o, or atill better, by a fila- 
ment of apun glaaa, in the middle of a cyhndrical, 
or aquare cages of glass, Tbe upper end of this 
wire, or glass thread, terminalea in a key, D, liir- 
nished with an index, the whole capable of movint; 
in the centre of a circle, b, graduated into 360°; 
through a hole, k, at the top of the glasa cage, a rod 
of lac, F, terminating in a gilded ball, is inserted ; 
being prevented falling in by a stop at i. This 
tail ia generally termed the carrier-ball, on aocount 
of its being used to convey the electricily of an 
excited body, to the electrometer, so that its ten- 
sion may be examined. To use this instrument to 
detect the presence of free electricity, the njd » is 
removed, and iC9 ball brought in contact with the 
Buhetance whose electricity is to be eiaminod ; the 
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bull aoquires some of the free electric fluid, and on being placed in tlie glass 
cage, it shares its electricity with the ball terminating the horizontal needle, 
B. The two being similarly electrified, repel each other; and as r is fixed, 
B necetwarily moves, and describes a certain angle, which it retains until it loses 
its electricity : to measure the quantity of fluids thus acquired, the key d, to which 
the g^ass thread c is fastened, is turned round, until, by the torsion, or twisting 
of the thread, the ball of b is compelled to come in contact with that of f. 
The Doraber of degrees described by the index flxed to the revolving key, d, 
gives us an approximation to the proportion of electricity acquired by the ball 
of r, during its contact with an electrified body. 

308. It has been already stated, that in no instance can one kind of elec- 
tricity be excited without a corresponding portion of the other being set free; 
it being utterly impossible to obtain one electric fluid in a perfectly free state 
without evolving an equivalent quantity of the other, as we are taught by the 
phenomena of induction (315). In the present state of our knowledge, no 
general rule can be given as to what form of electricity is acquired by the 
friction of different substances, further than what data tlie results of experi- 
ments on this subject have furnished us with. Many substances, excited or 
rubbed by one rutijer, evolve negative, and when submitted to the friction of 
another composed of a dtflisrent material, evolve positive electricity; thus, 
smooth glass becomes positively electrified, when rubbed by flannel or silk, 
and negative when excited by the back of a living cat Sealing wax, on the 
other hand, beciniies positive when rubbed by metallic substances, and nega- 
tive Jby almost everything else. A very useful table, exhibiting the results of 
nnmeroos experiments, has been given by Cavallo: 



Sabstances 
excited. 


Kind of 
Electricity. 


Material forming the Rubber. 


Back of a oat 
Smooth glass 

Bough glass 

Toarmaline 
Hare skin 
White silk 
Black silk 
Sealing-wax 
Aikedwood 


Positive 

Positive 

J Positive 

1 Negative 

i Positive 
( Negative 
J Positive 
( Negative 
C Positive 
I Negative 
C Positive 
I Negative 
i Positive 
( Negative 
i Positive 
( Negative 


Every substance hitherto tried. 
Do., except the back of a cat. 
Dry oiled silk, sulphur, metals. 

J Woolen-cloth, paper, wax, human 

\ hand. 

Amber ; a current of air. 
Diamond, the human hand. 
Metals, silk, leather, hand. 
Other finer furs. 
Black silk, metals, &c. 
Paper, hand, hair, &c. 
Sealing-wax. 
Furs, metals, hand. 
Metals. 

Furs, hand, leather, cloth, paper. 
Silk. 
Flannel. 



309. Dr. Faraday submitted the following bodies to friction, and found that 
any one of them became negative with the substances above and positive 
with those beneath. 



1. Gatskin or bearskin. 

2. FlanneL 



3. Ivory. 

4. Quill. 



10 
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SLIOTUOm. 

5. Rock-CTTSlBl. 10. The Hand. 

8. Flint-glMB. 11. Wood 

7. Colton. 19. Lac 

8. Linen, r«nvas. 1 3. Metals. 

9. While lUk. 14. Sulphnr. 
The mode of ruhbing often makes a rematknUe diSerencB; thus, a Jealber 

merely brushed against > piece of canvas will be n^BiiTe. whilst if drawn 
forcibly between ils (bids it will be positive. Two pieces of flannel drawn 
acttiBs each oihet wilt possess diifereut eleclric itatei, according to Ilie direo- 

310. Electricity is ool only set free by friction, bnt bjalmoit every form of 
mechanical change to which any sulslajice cen be submitted ; mere pressure 
ia quite sufficient for this purpose. Take —'o pieces of common window- 
glass, eacb presenting a surfacs of eboul foui square inches, to the centre of 
each fix a piece of sealing-wax, to serve as e handle ; press the discs firmly 
togeiber, and, whilst in this state, approach lh:m to a gold-leaf eiectnnnelei 
(306), no diTergencB of the slips of gold will ensue: but suddenly separate 
ttta pieces of glass, and bring one of them ne«r the electrometer, snd tbe in- 
stant separation of the gold leaves will demonstrate the presence of free eleC' 
triaiiy in the discs, one of whicb will be found positively, and the other nega- 
tively eleotrifieiL Sulphnr poured, whilst meliod, into a oonicol glaie, and 
furnished widi an insulating handle, as a | ice of glass or silk, will, when 
oald, indi(ste no free elBctricity, until [he co of sulphur be lilted from the 
glass, and then the former will be found negatively, and tbe latter positively 
eleouic. On tearing asunder pieees of ciolb, suiidenly sapuraiing a pair of 
dry and warm sillc stockings which have been rolled up together for some 
time, or rapidly unfolding a roll of finnnel. we hais abundant evidence of ihe 
evolution of free eleotricity as shown by the action of these bodies on electro- 
meters, and even by dieir evolving flaslies of light and spnrks (312). 

311. Certain minerals, Bspeoially tourmaline, and many of the family of 
zeolites, have their neutral and latent eleciridiy decomposed and developed 
by heal, one extremity of the crystal becoming negative, and the other positive. 
Wlien a prism of tourmaline is greatly healed at one extremity, its electricjiy 
becomes decomposed, the negative passing to one, and tbe positive to the 
other end of the crystal ; signs of free cloclrieity gradually increasing as wa 
advance from the middle, where they arc absent, towards either eitremily 
Of the prism. The distribntion of electricity being Mrikingly analogoaa to that 
oT magnetism in a magnet, according to the hj'pothelical formula of Esohen- 
maier (259), which, Betting i with the positive ctwBicienU for potiliet, and 
with the negative lor mgaiive, Sec, electricity ; will sland as applied to the 
heated tourmaline, thus, 

t« ^ f ^ if> r-' r-' r~* e-". 

It maybe staled that, in general, no idio-electric substance (300) can be pressed, 
bruised, rubbed, or submitted to a change of tempemture, without suffering 
some decomposition of its neutral and latent electricity ; one or the other kind 
being developed in a free slate in the body, in greater or less proportioiis, ao- 



3ia. If the eicitation of the glass tube (297) be performed in a darkened 
-Dom. a pale lambent Same will be observed on its sur&ce, each time the 
ube is drawn through the piece of silk, accompanied by an odor like thai of 
phosphorus; and on bringing the glass near any conducting body, as the hand, 
i. small but vivid spark will be observed to pass between them, attended with 
% fiiint, but sharp, crackling noise. The evolution of thia electrio light was 
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first diatinetlf noticed by Otto de Guerioke, at the latter end of the 17th cen- 
tiirj, whilst submittiDg a globe of sniphur to the friction of the hand; about the 
timof Boyle observed the light emitted by an excited diamond ; and Dr. Wall, 
that giTen off from a piece df excited amber, on the approach of the finger. 

This electric light can be easily observed by drawing a piece of dry and 
warm brown paper, about eighteen inches long and four broad, through a 
piece of warm flannel; on bringing the hand near the paper, as it is rapidly 
witfadiawn fiom the folds of the flannel, bluish flashes of light, two and three 
inches in length, will be darted off in various directions, accompanied by a 
loud CTBckling noise. 

313. Electricity thus excited in, or communicated to any substance, does not 
i^ipear to penetrate into the interior of the mass to any extent, but to reside 
almost exclusively upon its surface. Coulomb found that, on suspending, by 
silken threads, a conducting body, in which various pits and depressions had 
been made, and conmianioating to it some electricity from an excited tube, the 
cairieV'baU of his electric balance (307) being applied to the bottoms of these 
eavities, gave no sign of free electricity on being placed in the electrometer ; 
althoi^tfa, when brought in contact with the surface of the conductor, it became 
strongly electrified ; proving that electricity is almost entirely limited to the 
sorlhoes of insulated bodies. This circumstance is, as Dr. Faraday has shown, 
easily explained by the inductive influence of the electricity present in surround- 
ing (rfijects, and even in the comparatively distant walls of the room. This 
most talented and excellent philosopher, among other experiments, made with 
a view of obtaining some light on this matter, constnicted a room of a light 
fiame-work covered with canvas. This was carefully insulated, and Faraday 
entered it On being connected with tlie conductor of a powerful electric 
machine, it appeared so highly electrified, that flashes of light darted off from 
the outside of this insulated room towards the walls of the apartment con- 
taining it, and yet no appearance of free electricity could, during this time, 
be detected in its interior. 

314. As a necessary consequence of this law, we find that, the quantity of 
electrieitj remaining the same, its effects on the elec- 
trometer become diminished, by increasing the sur- 
fhce to which it is confined. 

A hollow tin cylinder ▲, about eight inches in length, 
is insulated by a- glass support b : an inner tin cylin- 
der c, provided with a glass handle, moves readily in 
the outer one: fVom the latter passes a curved wire d, 
to which a cork-ball electrometer is suspended. Now, 
toocb A with an excited glass tube, the electricity djf 
fusing itself over the apparatus, will cause the pidi 
balls to become electrified, and consequently repel ' 
each other. When these balls are about one third of 
an indi apart, raise the inner cylinder c, by its glass 
Inndle, as high as possible without entirely removing 
it ftom a; the electricity will be expanded over twice 
in previous superficial extent, and a smaller quantity 
will be left in the pith balls, which will consequently 
wppiOBch. each other. Then depress the inner cylinder c, the electricity will 
sgun be spread over a lesser surface, and the pith balls will separate as at 
first 

315. A simple and more effective mode of demonstrating the same fact, is 
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Fig. 177. to iiiiulme a smBll cup of lin or olher meld, I 

hnving n wire fljicd to ila eaeiior, carrying a pur 1 
of piih baJla. A piece of thick brass dieiti hiving ' 
H !ilkea string tietl ID one i^d is placed in the cup. 
On giving ih« loner a spark Anni an eidted glsa 
tube, Ihe pilh balls will direrj^ then laiee Ifafl 
chnin by meaiu of the lilken soitig, so that tea or 
twelve inche* of it are toil of ihe cap. The pith 
balls will immeiliBtel]' collapse; rcluni (he chain 
nnd Ihcy will again diverge and bo on. 

31Q. Let ciD be a conducling body, as a cylin- 
der irf linnnl iron, placed on an insulating mp- 
part; a cork ball elednnneter r, being suspended 
from one ^-- t le cylinder. Now i^iproach aaj 
positively electriflett body, i, as an eicitet ,bc, about six inches from c, ihi 
pitb balls I win Instntillj aeimrale, inilicali the presence of free elactrieity. 
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Tliii could tiol arise from any elcclric fluid having passed fVom i to c, as oo 
removing t to a considerable distance, the balls r will Ikll together, and ap- 
pear unelectrilied; on agnin approaching i to c, the bolls wilt a)oin diverge, 
and so on. This very curious phenomenon arises from the positive eleotri- 
oity in B, deenmpoBing the neutral and latent oombinniion [303) in c*d, al- 
Itacling the negative towards c, and repelling the positive eleelridly lowardi 
r; and the lialls consequently diverge, being poBilively electrified. On re- 
moving t, Ihe force which separated the two eleotricities in cin, is removed, 
and the separated elements reunite, neutrality is rasnn-ed, and the pith balls 
fkll logedier. The action eiercised by K, is called induiiion, iroiii the elec- 
tricity it contain;, indvdHK a change in Ihe elcolrio state of dc. It is conve- 
nient also to follow Dr. Foraday in calling Ihe tube «, whence the induction 
is exerted, the inductiit, and the cylinder cin, whose electric equilibrium is 
thus dlKuranged, the inihuiric body. 

316*. If the cylinder cm, be carefully examined whilst within the induc- 
tive influence of the posilively electrified ball, i; the end c, will ba found to 
be negatively electric, and the end D, positively, whilst an intermediale zone, 
A, will be found to be neutral and unelectiified. So thai the distribution of 
electriclly on the surface of the cylinder may be compared to that in an ex- 
cited tourmaline (311). Whilst things are in this state, and the pith halts 
standing apart from each other, touch the cylinder DC, with the finger, or any 
other conducting body connected with the earth; the pith balls will collapse, 
from the positive electricity running off by the finger to the earth. The ne- 
gative eleotricily cannot escape in Ihe same manner, because it is firmly held 
in tlie end c, of the cylinder, by the altniciive influence of Ihe opposite elec- 
tricity of the ball, 1. Now remove the finger, leaving tlie conductor insulated, 
and separate i, to a considerable distance from c; the negative electricity in 
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hidi, being released fiom the inflaeaee of x, expands itself over, bc, and 
e pontiTe electricity whi^ had been previously combined with it having 
eo removed fay pievioasly touching it with the hand, and the balls r in- 
iQtly separate with fugatwt electricity. If this experiment be repeated 
th an excited piece of sealing-wax, amber, or sulphur, instead of the glass 
le^i, the same phenomena will occur, with this difference, that the induced 
oCridty will always be of the opposite kind, as would, of course, be ex- 
iled dvrion. 

111. The application of this inductive influence, furnishes us with the 
dBest mode of ascertaining the kind of electricity present in any excited 
istaiioe. For this purpose, excite a glass tube by friction, and hold it about 
TOt distant fh>m the cap of the gold-leaf electrometer (30C) ; the leaves 
I diverge with positive electricity, the negative being retained in the cap 
he instrument • Touch the latter with the finger, the leaves collapse, and 
poeitwe electricity escapes to the earth ; the negative being retained in the 

by the attraction of the positively electrified tube. Now, remove first 
finger, thei) the tube, and the gold leaves will diverge with negative eleo- 
ity. Excite, by friction or otherwise, the substances whose electric state 
be examined, and hold it near, but not in contact with, the cap of the 
strometer; if the substance be positively electrified, it will attract the 
ative electricity from the gold leaves into the cap of the instrument, causing 
m to collapse; whilst, if it be negative, it will, by repelling the electricity 
he same kind already in the electrometer, increase the previously divergent 
e of the gold leaves. By this process, it becomes exceedingly easy to 
over what species of free electricity is present in any excited substance. 
118. In these experiments (315 — 16), the induction takes place through 
oolnmn of air separating the excited tube from the conductor (315), or 
mometer (317). A similar action is capable of taking place when other 
i-oonductors are interposed ; these substances, in consequence of their per^ 
ting induction to take place through them, have been termed dielectrics. 
lectrics differ considerably in the degree of facility with which they per- 

induction to take place through them, indicating the existence of a specific 
active capacity. Thus, sulphur, lac, and glass, have much higher induc- 
) capacities than air.* The following table contains the results of Sir 
iw Harris's experiments on the comparative inductive powers of several 
lectrics. 

Spec, inductive capacity. 

Air 1-00 

Rosin 1-77 

Pitch 1-80 

Wax - - . ." 1-86 

Glass 1-90 

Sulphur 1-93 

SheUlao 1-95 

19. Induction has been demonstrated by Faraday, to be essentially a phy- 
J action, occurring between contiguous particles^ never taking place at a distance ^ 
Kwl polarizing the mokcuUsof the intervening dielectric; causing them to assume 
eemUar constrained position, which they retain so long as they are under the co- 
Mg influence of the inductive body. Tlius, in the experiment already de- 
id (316), a space of six inches existed between the inductive excited tube 
. the jnductric cylinder, whose electricity was affected by its action. 
are not to assume from this, that the disturbance of the natural electric 

On this tubject the admirable papers of Dr. Faraday, in the Philosophical Transac- 
■ for 183B, sboold be consulted, especially i 12&2-70. 
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state of the conductor arose from an action at a distance ; lor most flatiafiustaj 
evidence has been adduced by Dr. Faraday that the intervening dielectric^ 
air, has its particles of electricity arranged in a manner analogous to than cf 
the conductor dc, by the inductive influence of the glass tube. The theoiyof 
induction depending upon an action between contiguous moleoales is wa^ 
ported by the fact, which would be otherwise totally inexplicable, tfait ■ 
slender rod of glass or resin, when excited by friction and placed in oooMI 
with an insulated sphere of metal, is capable of decomposing the electricity tf 
the latter by induction, most completely, even at the point of the ball eqidifr 

tant from the rod, and consequently, incapable of beiq| 
connected with it by a right line. Dr. Faraday eiattd 
negatively a cylinder of shelMao an inch in diamelv, 
by rubbing it with a piece of warm flannel; and plioed 
on its top which was cut concave for the purpOH,! 
large brass ball a. It is obvious that the electrks eq» 
librium of this ball must become disturbed by theii^ 
^^ y y ductive influence of the excited lac, its lower half bfr 

^5 f^ — ^^ coming positive and upper half negative. If, then, a bi 

touched with the flngcr, the negative electricity ii dii* 
charged, and it remains ywsitive, like the cover of n 
electrophorus (332). If then the carrier-ball (307^ of 
Coulomb's torsion balance electrometer be placed la 
any of the various positions shown by the figured txt- 
cles in the marginal wood-cut, and then returned to the 
balance, the force of torsion required to restore the bori* 
zontal beam of the instrument to its proper poeitkm, wU 
give accurate information of the inductive force exerted by the lao^ylindeL 
Wherever the oirrier-ball Is placed, both it and ▲ must be first uniniuliied 
and then insulated, before removing it to the electrometer. The flgnres in 
the cut show the comparative amount of inductive infincnce exerted by tha 
cylinder in different positions. Thus, at the top of the ball, a, the carrierWl 
received a charge of positive electricity of 130° by induction from the qrlind* 
So that we must either consider that induction is exerted in curved linei|fli 
propagated through tlie intervention of contiguous particles. Now, as no !•* 
diant simple force can act in curved lines, excepting under the coerdng infti* 
ence of a second force (03), we are almost compelled to adopt the view of 
induction acting through the medium of contiguous particles. 

320. This inductive action appears to come into play in every electric pbo* 
nomenon; thus, in the simple experiment of attracting light bodies by an ri' 
cited tube, (297,) the jxjsitive electricity in tlie tube decomposes by indnciioo 
the electricity of the pieces of paper, repelling their positive fluid ; and being 
tluis lefl in a negative state, they become attracted by the tube, in obedienco 
to the law of mutual attraction between different electrifietl bodies. The fol- 
lowing experiment illustrates in an interesting manner the development of 
electricity by induction. Support a pane of dry and warm window-^s*> 

about an inch from the table, by means of two 
books or blocks of wood ; and place beneath it 
several pieces of paper or pith-balls. Eicito 
the upper surface by friction with a silk btod- 
kerchief, the electricity of the glass becomes 
dcxjomposed, its negative fluid adhering to the 
silk, and its positive to the upper surface of tlio 
glass plate ; this by induction acts op the k)wer 
surface of the glass, repelling its positive eleo* 
tricity and attracting its negative, the intervoo* 
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trio beooming polarized in the manner already explained. The 
Boe of the glass, thus beooming electrified by induction through its 
attracts and repels alternately the light bodies placed beneath it in 
manner as the excited tube (897). 

1 GBses of electrical repulsion are also really referable to attraction 
DCtiTe influence. Thus it hasibeen stated, that two pith-balls simi- 
rified repel each other. This repulsion, however, is really the effect 
action c^ surrounding bodies whose electric equilibrium is disturbed 
InctiTe influence of the pith-balls. 

tleotrosoope be constructed with two large pieces of gilded paper 
gold-leaf, and be then electrified positively, they will present mutual 
But if the carrier-ball of the balance electrometer (309) be placed 
with the opposed repelling surfaces of the gilded paper, it will not, 
lOved, possess any trace of free electricity, whilst from the other 
I powerful positive charge can be obtained. The slips of paper 
I other, in appearance only, being really attracted by the sides of the 
lining them, or even by very distant objects, as the walls of the room 
ctrio equilibrium becomes disturbed by the inductive influence of 
nrfaces of the slips of paper. A similar explanation applies to every 
cctrio repulsion. 

iduotion takes place through a thin plate of a perfect conductor, as 
through a non-conducting dielectric. A thin piece of gold-leaf may, 
Inotive power of an excited electric, become intensely positive on one 
aa powerfully negative on the other, as long as it is within the in- 
r the inductive body. 

sircular tray of tinned iron, a, about eight or ten inches in diameter 
inch deep, pour melted sealing-wax, or a mixture of two parts of 
ind one of Venice turpentine, until it is rather more than half filled, 
ctxA gradually. A circular plate of stout tinned iron, or brass, about 
ss leas in diameter than a, is furnished with a glass handle, b, fixed 
intre. Remove the metallic plate from the cake of resin or sealing- 
id excite the latter by fiiction, with a warm and dry piece of flannel ; 
) on it the plate o : under these circumstances the negatively electrified 
eain induces a change in the natural electric state of c, attracting 
.aid into the lower surface, and repelling its negative into the upper. 
be lifted ofi" by its glass handle, its separated electric will reunite, 
U be found destitute of free electricity. Replace c on a, touch the 
ith the finger, and its negative electricity, set free by the inductive in- 
f A, will escape to the earth ; then let c be raised, hylhe handle b, and 
ibund to contain positive electricity in a free state, which, on the ap- 
r any conductor, appears in the form of a vivid spark, the plate re- 
(• naturally unelectrified state. Again, place c on a, touch it with the 

finger, negative electricity escapes to the earth ; lift 
'ig. 1 8 ] . ofi" c, approach any conductor towards it, and another 

spark of positive electricity occurs. This process 
may be repeated an almost indefinite number of 
times, the cake a losing none of its electricity by 
the operation, as it acts solely by its inductive influ- 
ence on the combined electricities actually present 
in the metallic plate d. Indeed, after being once 
excited, a spark may be obtained from this instru- 
ment, during many weeks, without any fresh exci- 
tation, and on this account it has been used as an 
electrifying machine, and was by its inventor, the 
d Volta, termed cleclroforo perpetuo. This elcctrophorus is a most 
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vsluable inslTTlraenl, boI only Horn in affording a beautirul illuBtration of in- 
duciive action, bnl Trom its yielding B large supply of elevtriciiy. 

323. A very useful modification of tlie elajlrophonij (322), ia mnde by 
coaling a thin pitne of glaM on one side witb tin-foil to williinalioiiTtwo tnobpa 
of Ibe eilEe. Placing it with Uie coaled side on Ibe tnble, ciciie the other »ir- 
6iBe by friction with a piece of silk corered with Bmalgam ('J'JS), then oire- 
fuUy lifting the ginss by one rorner, plooe it oii a badly-conducting aurtaoe, u 
a Bnoolti table or Ibe cover of a book, with the unnfaUd n'Wc dovmwardt, Trtuch 
thetin<<bil with Ibe finger, then careful If elevate the plate b^ one comer, and 
a vivid spark will By from the coating lo any conducting body neer it; replace 
Ibe plate, touoh it, Bgain elevate it, and a second iparkwill be prodoced. An 
electric jar may be choigsil, in a few minutec, with an apparBtue of this kind 
only four iochea pquare- This irtodifloat' of the electrophonia is a most 
convenient instninient in the laboratory wl,i..i eleotricity is required fiir ertdio- 

■ metric purposes, and where the introduction uf an electric machine is incon- 
venient. 

324. If B given quantity of free electricity be communicated to a surrsin 
exposing sixteen square inches, imd a similar quantity be oommunicaled to 
another of but four square inches of surface, it is obrious that each square inch 
of the former will contain but one-fourth of tliat present in every square iivdl 
of the latter; hence, although the total quantities of ftee electricity are simHu 
in each, yet as, in the tbrmer, they are spread over four times the surfsce ibil 
they are in the latter, they will be found as much leas energetic in produring 
llie phenomena of atlraclioo, and repulsion, induction or light. The eledri- 
cily present in the smaller surface, ia consequently said to be iti a stale of 
greater Itniim than in the larger. 

335. A rounded surfcce, as a brass knob, on being held near to, or eominn- 
nicated with an electrified body, allows induction to lake place with much lea 
fhdlitjr than B))oinledwireBimilBrlysituBtod,on account of the inductive aclion 
being confined to, or exerted fhnn, a smaller surface, causing thciebya grestn 
electric tension on the surface of the point, than of the knob; for (his reiBiD, 
whilst a roiuided sutfaoe may be approached within an inch of an eieiieil 
tube (297), witiiout abstracting much of itsfreeelectticity, the point ofa ahorp 
needle, held at four tiroes that distance, will almost immediately effect the 
neuiraliiBlion of the free elecnicity present in the lube. For this reason, sU 
pieces of apparatus destined to attain free electricity, are terminated by kiubi 
or rounded surfaces; and those intended rapidly to abetract or nentmlixn tbii 
electric matter, are furnished with points. On this circumalanoe is explninsd 
the faot, that en electrified sphere has its electricity equally diSiised over its 
aarface, whilst, in the case of an ellipse, the general quantity is Ibund at the 
lenninalion of its long diameter, and of a cube at the apices of its aneles. 

326. Having considered some of the principal and timplesl pbenoflienaof 
electricity in a general sense, it becomes necessary to be acquainted with the 
nature of the exact laws governing ihem ; for a knowledge of these, we are 
nltnoet entirely indebted to the researches of M. Coulomb, who brought to bem, 
on this subjeoi, the most accurate experiments wilb the most refined and valil' 
able resources of malbemaiical investigation. 
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(A-) Two bodies, aimilBrijr electrified, repel each other (299), with a foroa 
^MjSmi iiiTenely as the squares of their distances. 

^) Two bodQea,difieientljr electrified, attract each other (298) with a force 
iB T e ra e jy as the squares of &eir distances. 

(CL) £iectiioi^, in its natnral and compound state, appears to he difilised 
aquallj tbioogbout any given mass of matter, but when decomposed and 
wpanied into its component elements, each appears confined to the surface 
flf the sobstance in which it has been set iVee, in the form of an exceedingly 
iUd layer, not penetrating sensibly into the substance of the mass (313, 321). 

(P.) BbdiMi oaiefuUy insolated on resinous supports, lose, by exposure to 
the air, a certain proportion of their free electricity, depending to a great ez- 
toBt upon the moisture present in the atmosphere ; the loss, per minute, ap- 
pearing to bear a ratio to the cubic of the weight of hygrometric moisture in 
the air. 

(K) Bodies electrified and insulated imperfectly, as on silk, or glass un- 
aovsted with resin, lose a portion of their electricity, by its escaping along the 
isperftoCly insulating support, providing the electricity is of considerable ten- 
rioD, ibr if weak, it is completely insulated ; hence the loss of electricity is at 
int npid, bat quickly decreases. 
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337. WiTB the exception of the electrophorus (322), we have as yet not 
had recourse to any instrument furnishing large quantities of free electricity. 
The first machine constructed for this purpose was contrived by Otto de Gue- 
' rioke, of Magdeburg; it consisted of a globe of sulphur, turned by a winch, 
and submitted to the friction of the hand. Improvements were very gradu- 
ally introduced into its construction. First, a globe or cylinder of glass was 
substituted for the sulphur, and then the silk rubber was used, in lieu of the 
hand; the last great addition consisted in the adaptation of a metallic con- 
ductor, so as to expose a large surface to the inductive influence of the excited 
glasib The revolving glass electric was used by Hawksbee in 1709, the rub- 
ber and conductor being introduced in 1741 ; Boze,of Wirtemberg, contriving 
the latter, and Winkler the fbrmer ; thus rendering the electric machine nearly 
oomnlete. 
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328. Two forms of ihe electricnl mneliine »re u»od in this eoaatij, diffn- 
iog ftom (wcti ixlicr in lbs shnpe of the rovnlving eleciik, wbinh in one isi 
ojlindei, and in ibe oibFC a plaie ; encli varyioi; in dimneler ftom eighl oiWi 
bchMIO tw« Tf^or, beyond wljidi size ' ' ' . . ~. 




beft farm of r-j-lindiiD oleotiio miichine. rorsists of B cylinder of glaas, totoIt- 
iB( bf mnn? of a. wiuch, beiwoen iwo upiighl pieces of «lout am! well-diial 
wood, ia; this is eubtnitlrd lo tho friction of a rulitjer, formod of Ba oUotf 
piece of wociJ, f, about three or four inches shorter than the cylinder, coverrf 
with teather, nnd furniEhed with n flap of nik, B, entending over neHily balT 
Iha ciroumferenc'B of the glass. The rubber can be placed nt any diitMcc 
ilom the cylinder, suppoited by a atnmg gla«e pillar, nnd connected with • 
■liding Ibolaf wood, flxeil by means of a Bcrew. On the opposite side lothe 
rubber, is a eyiinder, x, of hollow tinned iron, or, what is more cotivenienlin 
practice, of wood covered with tin foil, and about three or four inches in di»- 
meter; this ia lermed the prime conductor; it is, like the rubber, insnlmedoa 
'■ glass leg. The side of the conductor next to Ibe glasB cylinder isfuniisluid 
with a row Cif pointed picoes of wire, to allow of its mcs-e rapidly acquiiinj 
an electric sinte from Ibe revolving inductive glaES. This piece of eppanma 
has a number of holes, of various diameterB, bored in it, to permit the in«t- 
tkm of wires of varions sixes; the edges of these holes, as well lu every oAn 
p«rt of the conduplor, eicepi the points already mentioned, must be carelUlly 
IVeed fVom all sharp edges oi pioininences, which cause a rapid noulralizaliaa 
<jf eleclrieiiy (.TJS). 

339. The plate machine nonsiataofa circular plnte of thick glass, revoWing 
vertically, by means of a winch, belweeo two uprigiila »*; two p*u of n*- 

Fig. 183. 
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ben, iormedof dips of elastic wood covered with leather, and furnished with 
ailk flapSi are placisd at two equidistant portions, bb, of the plate: their pres- 
sure upon the latter may be increased or diminished by means of brass screws. 
The prime conductor consists of a curved arm of hollow brass, supported 
horizontally from one of the uprights ▲ ; its arms, where they approach the 
plate at ec, are furnished with points, for the same reason as in the cylindrio 
machine. 

Great advantage is gained by causing a row of metallic points, connected 
with the prime conductor, to be presented to both surfaces of the revolving 
plate, instead of to one only, as in the usual construction of these machines. 

It is very difficult to give an opinion of the comparative merits of these 
two machines^ — ^for an equal Bva&ce of glass, however, the plate appears to 
be the most powerful; but it has one great inconvenience, viz., the difficulty 
of obtaining negative electricity from it, in consequence of the uninsulated 
state of its rubbers. 

330. When an electrical machine is required for use, it should be placed 
within the influence of a good fire, so that its several parts may become dry 
and warm. The rubber and conductor are to be removed, and the plate or 
cylinder rubbed with a piece of flannel, dipped in oil, until it becomes quite 
olean and bright; the layer of oil thus lefl, being removed with a linen cloth. 
The mbbers are then to be .made quite dry, and their silk flaps wiped clean; 
a littJe amalgan^made into a soft paste with lard, to be spread over the sur- 
Aoe of the cusnjons of the rubbers, unless there happens to be plenty left on 
fiom a previous experiment, in which case the surface is to be cleaned by 
nbbing it with a piece of rough brown paper, or by scraping it with a knife. 
The rabber, or rubbers, are to be then applied, and by means of the adjusting 
■fsewti made to press with moderate fbrce against the surface of the cylinder 
or plate. On then turning the winch, and holding the hand towards the re- 
volving glass near the lower surface of the silk flap, the electric discharges 
will be felt between the hand and glass, like a brisk wind, attended by a 
oraokling sound, and in the dark, by a lambent blue flame. The prime con- 
ductor is next placed in such a manner that its points stand about one-eighth 
of an indb. fh>m the glass: on holding the hand towards it, whilst the winch 
b being turned, vivid sparks, often some inches in length, appear ; these are 
attanded by a loud snapping noise, and on striking the hand, produce a pun- 
gent pricking sensation, frequently causing a papular eruption on the skin. 

331. During the excitation of electricity by the machine, and indeed in other 
eases in which luminous discharge (312) takes place, a peculiar odor like 
that of phosphorus is evolved. This odor has been traced by Professor 
SdiOnbein, of B&le, to the formation of a substance termed by him ozone, and 
which he is inclined to regard as a tritoxide of hydrogen (435). 

332. The development of free electricity upon the prime conductor is so 
intimately connected with the theory of induction already developed (315), 
that the remarks there made will be sufficient to remove all obscurity as to 
the mode in which it is eflfected. On turning the glass plate or cylinder, the 
electricity naturally present in the rubber becomes decomposed, its positive 
adhering to the surfiice of the glass, and its negative to the' rubber. The 
positively electric portions of the glass coming, during each revolution, oppo- 
site to the points on the conductor, act powerfully by induction upon the 
electricity naturally present in the latter, decomposing it into the component 
elements, attracting the negative, which being accumulated in a state of tension 
(324), at the points of the conductor, dart off towards the cylinder, to meet 
the positive fluid, and thus reconstitute the neutral compound. The prime 
conductor is thus left powerfully positive, not by acquiring electricity from the 
ruobing gkuij but by hamng given vp ite own negative Jhiid to the latter. The 



, robber is left in a proporiionately negBtive atole, oml caniEoqoeTit!/. adei » 
TDlving ilie glnsa for a few miiiuie;, tan develop do more free pu^iive flei- 
tricily, ptoviiliiig Ihe rubber be (as in ilie cyiimlriy machine) iusuialeiJi qa 
tbia account, il la neceiiBary lo make a com mu nice lion with die earth, for Ihe 
purpow of oblaining a sufficient supply of poaiiive eleclricity lo uemraiiie ill 
negnlive slale. ]n very dry wealber, indeeil, the elwiric marbine wilt {«■ 
quenily not act, until ilio rubber is connected by a good condnctoi, not nierety 
lo the table on wltich Ibe inacliiue elaiiili, but to tbe moist eanh, or, what in 
Lirge towns is more convenient and preferable, with the leaden pipes aupply- 

333. Much discrepancy of opinion has existed concerning Ibe modus agendi 
of Ihe amalgam applied to the rubber; it certainly acts very powerfully in 
iticieasing the oxcila^n of electric?'" T*-" beel combination lor ibiBpurpoH 
consists of two parts of line and oua uTt netted tt^etbei, and added lo m 
paru of mercury, previously healed in a v^jible: the miiture being slirrrf 
until cold, is readily reduced to a fine powi ler, which requires merely lo bi 
formed into a paste with lord, to be ready liir me. It baa been, with good 
leeson, supposed thai Ihe oxyilation of the amalgam, by the friclioii employed, 
aids at leoat the increased excitation; for amalgams of gold, and other diifl- 
cultly oiydizable melals, do tiot appear to increase the development of e1a> 
Uidly. In aucutdBnoa with this view, Dr. Wollaston tbund that an electiio 
machine, when worked in an atmosphere of catbaaic acid,^ve no signs of 
&ee eleclrictly. 

The aoeuracy of this statement has, boweTer, been qneslioned by later ifr 
seTTErs. One mode in which the amalgam acts is oertBialy by atTbrding i 
soft cushion of good conducting matteTi which thus a tlbrds an excellent sutfacs 
lor inducing the decomposilion of the neutial electricity on the revolving glasi. 

Instead of im amalgam, llie deutosulphtirei of tin, or aurum musivum, as it 
is often called, may be rubbed upon the cushions of the machine, and wiib 
similar results. This latter substance acts probably like the amalgam, by 
undergoing oiydalion, as by friction il absorls oxygen, and is partially con- 
verted into bieulphale of tin. In a similar manner also iron pyrites, by ftic- 
tioii, is partly converted into sulphate of iron. The chemical influence o! 
ftiotion, indeed, is more energetic than is usually supposed; even siliceous 
minerals, as mesolype, basalt, and feldspar, become, according lo Becquerel, 
pBitly dooomposed, giving up, when long trilurated in a mortar, a pottion of 
tbeir alkali in a free stale. 

334. When Ibe plate or cylinder of the machine is turned, the rubliercom- 
municaling to the earth by a metallic chain, if a brass knob or a knuckle be helit 
towards the prime conduu'lor, a vivid spark dans between them. This spark 
il usually spoken of as a positive spark, as though ii ooneisled of posilivs 
electricity passing ftom Ibe conduclur towards the knob, or knuckle. Tbis, 
bowerer, is an erroneous expression j for at ihe prime conductor is posiliTolIf 
electrified, it induces (315) an oppositely or negauvely electric state in any 
conducting substance held near it; and wben ibis slate has amotintad to ods 
of suiBcieni tension, the nt^H'i^'e electricity combines with Ibe positive of the 
prime conductor; thus restores it lo its natural tinelectrificial state. The neu- 
iraliiaiioii, or diidiargt of the electric state of the conductor, is attended by s 
sharp snapping sound, and a flash of light, constituting the ilec^ric tpark; con- 
sequently, whenever an electric spark is seen, it is not to be regarded as 
■rising from the mere passage of free elecliicily. but of the union of the (wo 
elec'itic fluids, and consequent discharge of Ihe eleclrifled body. The sparks 
of ponltweleclricily said to pass ftom the eitciied tube (312), or oover of the 
eleclrophorus (322), are of the same kind. From lliese ikcu also, we adduce 
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iceMBiy oonaequence that all caaes of electric discharge must be pre- 
hy induction. 

.en the prime condactor is connected with the earth, and the ntbber of 
acbine insniated, sparks are seen on approaching the hand, or other con- 
', towards it ; these are termed sparks of negative electricity, bat as er- 
nly as in the case of sparks from the prime conductor ; as they arise 
:he discharge of free electricity in the rubber, by its union with the in- 
positive electricity in the nearest conducting body. 
. Some few years ago, a workman on the Newcastle and Carlisle rail- 
baerved an electric spark to issue from the boiler of a steam engine on 
proach of his hand. This curious phenomenon induced Mr. Armstrong 
Mtigate the subject, and his researches, witli the later ones of Dr. Fara- 
ave put in oar hands a mode of exciting electricity to an almost indefi* 
ctent. It appears that whenever a current of steam escapes ftom a 
with sufficient violence to carry off mechanically particles of water, it 
I its course through a proper escape-pipe excite by the fViction of the 
against the sides of the pipe an enormous quantity of electricity. Upon 
rinciple is founded the construction of the hydro-electric machine o€ 
rmstrong. 

Fig. 184. 
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consists of a spherical lx>iler of wrought iron, at least eighteen or 
inches in diameter, of sufficient strength to bear a pressure of sixty or 
f pounds on tlie inch. Tliis boiler, a, rests on a small furnace of sheet- 
, and furnished with a bent chimney, c. The whole is carefully sup- 
on four stout legs of glass. The boiler is provided with a proper 
^ve, n. From its up[>er part, a tube an inch or more in diameter 
umished with a stop-cock at x. To the end of this tube is fixed a 
ml vessel of brass, f, about six inches in diameter. From the upper 
this a tube furnished with a stop<»ck and a peculiar jet is fastened, 
mstmotion of the latter is shown at Fig. 2, in which tlie whole is seen 
on, r being the spherical vessel, e the stop cock furnished with a stout 
ap, H, into which is firmly screwed the jet, Fig. 3. This represenu 
tion of a conical plug of box-wood, terminated by a brass nfouth-p^eoe. 
laded parts represented the metallic portion. 

ing filled the boiler about half full of water, ^nd placed burning char- 
the furnace, in a short time the water will boil, and a(\er the air has 
rst expelled, the 8top<xx^ x should be closed, and the globe t i|nd ^ts 

1G» 




^Tiliiy of stfflni generatetl is equal 10 
B inch, upeu die BTop-cixks i snil », 
tome of ilie elUuenl euwin will be Ronilen.'wd in r, and ilie panicki ofwiiUt 
violantlf driven forward with ihe vapor through the wooilen raouih piece Of 
Ihs jet Th« boilu will be Ibund powetfullf DcgBiive, and on appnacliingi 
beau bell K> it, long and vivid EparkswilldanolT. The sicam leaving iHph- 
DBpB-pip«, will be poailivelf electrified, and il is necessary id obtain an e&dwBt 
diMhargBof iu eleolticity, for which pnrpoae a coil of thick copper wita Mm- 
Dected wilh (lie raith may be eo placed, a few inches boai the escapa^pe, 
that die c-urreiil of aleam may tniveise it. 

337. With Buch en hydro-electric machiDe, lo large a quantity of elGctrinlf 
maybe obtained as to citable it to replace with advantage Ibe ordinary eleorna 
jnachinea. The only objection to its general adoption ia, that unless tfaeb 
be sufRciently large, lbs steam quickly aasumos too hi^h a stBie of ten 
•nd an eKploBion may notbeimpoasible. Such an accident did occur at C 
Htnpital, even with all the ceie employed by Dr. Gull, my talented aocci 
in the chair of Natural Philosophy at thai inaiitution. 

338. It is remarkable, (bat so long as the globe > conlaiiu merely s 
pure WHier condensed from Ibe Blcam, the eicitation of electricity is nliuni 
bat if a littSe sulphuric acid or common salt is placed in, all generalic 
electricity ceases, apparently in conse^ence of the watei being rendersd too 
good a conductor, and thos allowing of ihe restoration of electric equilibi' 
as soon as it is disturbed by friction. If a liule oil be dropped in, the i!i 
tion of electricity conliniies, but is changed iu character, the boiler positivii, Mii 
the steam negative. 

There can acarooly be a question of the accuracyof the opinion of Dr. Fara- 
day,* that friction is leally the eiciliDg cauao of eleclricily in this msohiiiB; 
for if the sieam bo allowed W escape even in torrents, and imder high pnTsm" 
from tlie opening of the safe tjr- valve, no electric excitation occurs. Hen 
necessity of so arranging Ilie opening of the escape-pipe, as to oppose 
oppogiiion la ibe passage of Ihe steani. 

33Q. If a pointed wire be held towards ilie insulated rubber of an e 

machine in action, it will by induction become highly pctt' 

tivei iha electric tension ai the poinl soon becomes so kigb | 

as lo produce discharge through Ibe dielectric air, in ibe I 

^ , ,, form of a brusli or pencil of rays, us at *. When, on tho 1 

' Jx.}^ij/-/y Other hand, a Birnilat point he held towards the poaavs I 

^Sp^^, prime conductor, it acquires a high staleof negative tenaoo, 1 

-rtr and laminous discharge occurs, not in Ibe Ibrm of a bmdi | 

I or pencil ; but the end of tho wire becomes illuminated wiLh 

i we can in every instanoo discover the electrio sDtle of » 

I conductor by Ibe character of Ibe luminous discharge ocrtn- 

J I ring at Ihe points of a wire held towards it 

I 340. If ihe conductor, or rubber of the electric machine, 

I be connected with each olher, or with the earth, by means 

discharge will take place along il invisibly, unless the ma- 
chine be extramely energetic, ia which case the wire will appear surrounded 
With a lambent flame. But if Ihe conductor be internipled, then vivid sparks 
will appear at each rupiure of continuity, arising from inductive action and 
consequent discbarge taking place at every one of these spots. 

Kir. (A.) Connect the prime conductor and rubber with each other, by 

• Phil, Trana., 1843, p. 17. 
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Fig. 186. 



of m biBM obain; oo woridiig the marfiine, vivid sparlu will appear at 

Unk. 

. (B.) On a plate of glass, paste some 

if foil, having portions cut out, so that 

loei represent letters. On oommunicat- 

I first piece of foil with the conductor, 

e last with the ground, the letters will 

r in characters of fire, in consequence 

inous discharges in the form of a spark 

ng at each division of the foiL 

>. (C.) Draw, on a pane of glass, a ser- 

B line with varnish, and place on it, 

it dries, metallic spangles, ahout one- 
if an inch apart; on connecting the first 

series with the machine, and the last 
lie ground, a serpentine line of fire will be represented. 
•. (D.) If, in a similar manner, the spangles are placed on a glass tube 
ural direction, a fine spiral line of sparks will be produced. 

Fig. 187. 
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. Induction, and consequent discharge, take place through a greater 
io an air-pump vacuum than under ordinary atmospheric pressures, a 
istance aiislng from the resisting dielectric medium being diminished 
sity. This led to the error of considering a vacuum as a conductor of 
city, which is not the case, polarization of the particles of rarefied air, 
msequent discharge being afiected through it readily, only if the two 
M be sufiiciently near to permit induction to take place; otherwise, 
Qed bodies can be as well insulated in an air-pump vacuum as in 
XI air. 

*. (A.) A glass tube, two feet in length ▲, is furnished at either end 
I brass ball projecting into its interior, and carefully exhausted of its 
means of a good air-pump. On connecting its upper end b, with the 
conductor of a machine in action, and its lower end c with the cartli ; 
mes positive, and induces a contrary state on the ball at c, induction 
place with facili^ in consequence of the atmospheric pressure being 
removed, and is followed by a dischai^e of the two electri- 
cities in the form of a beautiful blue light, filling the whole 
- tube, and closely resembling the aurora boreaiis. This lu- 

""^ m inous discliai^e undergoes some very interesting changes 
^ when the state of rarefaction of the air included in the tube 
I is filled with a purplish lambent fiame. If a little air be 

K then admitted, the continuous column of light is replaced by 

"^ distinct fiamcs repeated several times in a second, and darting 

from one ball to the other. And if more air be allowed to 
enter, the discharge takes place in beautiful zig-zag lines of 
brilliant light, like fiashes of lightning, occurring however at 
considerable intervals. 

342. In all these experiments (340), it is better to allow the 
electricity, before passing through the tinfoil, chain, or Inmin- 
oas conductor (341), to acquire some degree of tension; this is 
conveniently efiecteid by means of an instrument called Lane's 
deetromrteTf or more properly, diidiarger. This apparatus 



188. 




188 



BLECTRICmr* # 



Fig 189. 




consists of a coryed arm of varnished glass b, fixed by a brass leg into tha 

prime conductor a, and terminating in a ball c^ 
through which passes a rod furnished with two 
brass knobs, capable of being placed at any diF 
tance from the conductor. If any of the abof» 
described pieces of apparatus be connected wiA 
the ball n, electric discharges will take pirn 
O through them, as soon as the electricity hii » 
<^ " quired a 8u£Scient state of tension to e^cc a di^ 
charge between a and x. 

343. Every conducting substance, insulated and connected with the pzins 
conductor, or rubber, may be considered as part of them, as fiir as their el» 
tnc state is coucerned : thus if a man standing on a stool furnished with iiMh 
lating glass legs touch the prime conductor, he virtually becomes put of il^ 
being similarly electrified, and all the phenomena proper to the prime oob- 
ductor may be observed at any part of his surface. * 

344. The electric spark, or more properly ditcharge, does not impart to the 
finger a sensation of sensible heat, although it is capable of exciting saflSdeat 
caloric (367) to produce the combustion of inflammable substances. 

Exp. (A.) Connect a shallow metallic cup with the prime conductor, and 
pour ether into it ; on holding the finger or a knob of brass over it, the elec- 
tric discharge taking place through it will evolve sufficient heat to inflame 
the ether. 

Exp. (B.) Put into a bottle granulated zinc, and some dilute sulphuric acid; 
fix in its neck a cork furnished with a tube, terminating in a small aperture: 
hydrogen gas will issue from it, and on holding it close to the conductor, and 
by means of a brass knob drawing a spark through the stream of gas, it will 
burst into flame. 

Exp. (C.) a brass tube, mounted on a 
stock like a pistol barrel, is furnished with 
a glass or ivory tube, screwed into a. ThroDf(b 
this passes a brass wire, passing into the io- 
tcrior of the barrel, but not touching it; tlia 
brass tube is then filled with an ezploove 
mixture, by holding it for a few seconds ofer 
the mouth of a bottle containing the ingr^ 
dients for the production of hydrogen pi> 
On closing the mouth quickly with a eodCi 
the charge is retained, and on approadiiog 
the knob b to the prime conductor, a spark is produced 
in the interior of the barrel, the gases are exploded, sml 
the cork driven out with considerable violence, attended 
with a loud report: this apparatus is termed Vdta'i 
electric pistol, from the name of its inventor. 

345. The phenomena of attracticm and repnlaoo, 
(208,) are exceedingly well illustrated by means of the 
electricity excited by the electric machine, and Yarioui 
toys have been contrived for their exhibition. 

Exp. (A.) Fix into one of the boles of the prime 
conductor the instrument called Henley*8 electrometer, 
consisting of a graduated semicircle of ivory a, fixed to 
a rod of wood d. From the centre of a depends a light 
index, terminating in a pith-ball c, and readily naoving 
on a pin. On working the macliine, the electrometer 
becomes, like the conductor, positively electrified ; Ao 
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n c conseqaenfly, becomes repelled by the stem d and leaves it raising 
lex to 90^, if the actk») of the machine be sufficiently strong. 
'. (R) Place in one of the holes in the prime conductor, the stem of an 
al feather, ibrmed of fibres of finely-spun grass. On revolving the cylin- 
e fibres becoming similarly electrified, repel each other in an extremely 
fill mamier. 

p. (C.) Suspend from a brass rod, (Fig. 192,) inserted into the conductor 
t machine^ a plate of copper, about four inches in diameter, and about 
aches beneath it, place a second of rather larger size ; on electrifying the 
ctor, the positive electricity of the upper, renders the lower plate nega^ 
ly inductioo, and discliarge would ensue, if they were not too far apart 
le lower, place some figures of pith of elder or paper, and on turning 
nchine, they will begin to dance between the plates, being alternately 
tted and repelled by each other. 



Fig. 192. 
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p. (D.) Suspend, from a rod on the conductor, the apparatus well known 
electric bells. The two outer bells ab, (Fig. 193,) are suspended by 
chains, whilst the central, with the two clappers, hang flom silken 
Is ; the middle bell is connected to the earth by a wire or chain : on 
ig the cylinder, the bells ▲ and b become positively electrified, and by 
ion, the central one becomes negative ; luminous discharge taking place 
ten them, if the electricity be in too high a state of tension. But if the 
ler be slowly revolved, the little brass clappers will become alternately 
ted and repelled by the outermost and inner bells, producing a constant 
g so long as the machine is worked. 

p. (£.) Fix to the conductor a dozen threads, — each about eight inches 
died at both ends; on turning the machine, the threads becoming simi- 
sleotrified will repel each other, and as they are fixed at top and bottom, 
aentres will repel each other, and separating, the tlireads will represent 
jeUm spheroid so long as the machine is turned. 

I. If a pointed wire be fixed to the prime conductor, a discharge takes 
silently from it, in the form of a luminous pencil of rays, on working 
odbine ; this is accompanied by a brisk current of air, very sensible to 
ager, when held near the point. 

w. (A.) Fix four vanes of pasteboard in a circular piece of cork iuraished 
a steel needle for an axle ; suspend this from one of the poles of a bar 
et, and on holding it towards the point of a wire fixed in the conductor, 
It the current of air excited by the discharge from it may strike the vanes, 
ttle apxMuratas will begin to revolve with great rapidity. 
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The current of air thus set in motion, by discharges fiom pointed wiiMyii 
sufficient to react upon them, and cause them to move in an opposite din» 
tian to the current, provided they be fixed on an axis. 

Exp. (B.) Place the cap of the electrical fly, furnished with four poinlBd 
wires bent near their terminations at right angles, on a pivot fixed in one of 
the holes of the prime conductor. On turning the winch, the wire will npii^f 
revolve in a direction opposed to the points, as shown by the anowti eibibi^ 
ing in the dark a complete circle of light. 



Fig. 195. 
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347. The mechanical force of electric discharge is very considerable, pto- 
viding its effects be concentrated in one particular spot. 

Fill a phial with oil, or other non-conducting fluid, pass through the oori^ 
a copper wire bent near its lower end at right angles, so that its point m^T 
press against the inside of the glass, and suspend it by the upper end of ^^ 
wire from the prime conductor. The point of the wire in the phial will a*" 
sume a high state of positive electric tension (324). Then bring towards it 
a brass knob, or a knuckle of the hand, induction and subsequent discharge 
will take place through the sides of the glass, which will become perfi^ratei^ 
with a round hole. 

348. The electric spark (discharge), passing through media diflfeiing fi^ 
atmospheric air, varies considerably in tint. Thus, in rarefied air, its H^t ** 
blue and less vivid than when under ordinary atmospherio pressure. ^' 
Faraday found that, in nitrogen, it was very brilliant, bluish, and sonoMO*! 
in oxygen, less brilliant and white; in hydrogen, crimson, and accnmpani^ 
by little or no sound ; in carbonic acid its tint was rather more green than '^ 
air; in coal-gas it was green or red, sometimes both, with frequent interrop* 
tions by black spots ; and in hydrochloric acid gas, white, without any of ^ 
dark spots so frequently present in the case of the other gases. ObcatioosW' 
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be spark appears interrapted in its centre by a nonluminoas spot, owing to 
lisoharge taking place at that point in a more diffused manner than nearer 
he inducting siirilu»8. In common air^ the luminous electric discharge or 
ipark, becomes modified in tint according to the surface at which it takes 
ilaoe ; thus, from a large brass ball, it is white and brilliantly luminous, 
nrhilst, as we diminish the size of the ball, it becomes bluer and more scattered, 
iflQuining the form of a brush, which itself depends upon a series of intermit- 
ting discharges taking place with oonsideralde rapidity. From the surface of 
iTC>ry,the discharge is crimson colored; from silvered leather it is green ; ftom 
povrdiered charcoal, yellow ; and purplish, when taking place on the surface 
of meet imperfect conductors of electricity. The light of Uie electric discharge 
is capable of midergoing deoompositicai by a glass prism, and polarization by 
sefleotioa or absorption, like ordinary light. 

349. Sevemi yarieties of electric discharges have been pointed out and are 
zeadily distingmshed by their attendant phenomena. 

(A.) ConAtetive diKftarge.— This tdkes place when bodies differently elec- 
trified are connected by means of a good conductor. It is unaccompanied 
naeesKuily by any chemical action or displacement of particles. 

i^B.) Dkmptwe fftscAof^e.— Under this term is included all the varieties of 
electric discharge, accompanied by light, from the faint lambent gleam at the 
extremity of a wire to the vivid flames and sparks, accompanying tlie restora- 
tion of electric equilibrium between good conductors. In all cases of this dis- 
dtiai^e an actual displacement of particles through which it occurs, takes place. 
We have a good example of it in the frequent rupture of electric jars by spon- 
taneous disharge taking place through them ; the perforation of a glass bottle 
full of oil (347), is also a case of this kind. 

(C.) Conveelwe discharge, — ^A form of discharge in which, under the influ* 
ence of electric currents, ponderable matter is set in motion. Thus, the atrial 
currents from points (346) are examples of the convective discharge. Another 
series of oases in which ponderable matter is transferred by the electric cur- 
rent, is found in almost all instances of discharge between metallic surftusep . 
or charcoal points, minute portions of the material of which the conductor is 
composed, being conveyed from one surface to the other, so as to cover it with 
a superfidal coating of the material of which a ball is composed. The direc- 
tkm of tbe transfer in these cases of convective discharge being in the direction 
of the positive current 
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350. Wain two insnialed conducting bodies ore differently electrified, lod 
■pproBched iowbtiIb eacb other, go as lo be within the influence ot their mti- 
tual BUiactioD (326, a,} but not sufficiently near to permit of luminoos dli- 
charge, no signs of electricit}' are oammunicsled by either to a pith4iall sle» 
trometer connected with them, until the bodies are separated ion coniidctablf 
dlitance Aum each other. The electric fluids are thus Rid ID become i» 
guaid, or paralystd, by their mutaal allradivs aclioti. 

Eir. (A.) Let two plclexof tinned inHi.na.B foot in diameter, be insulated 
on vomisheil ginas legs, en, lilted into pieces of wood moving in a etooie in 
ths board I. To the backs aC each of ibese plates is soldered a brass vin, 
fiinmhed with a binding screw, grasping wires, as, fhim each of which ii 
suspended n pith-ball electrometer. 

Sepaiale a and a Trom each other, anil touch one with an exdt«') piMeor 
glass, the other with excited realn, the pit)i-ba11s connected with each piste 

Fig. 197. 




will diverge, ot 
approi 



yith n 



e plat. 






nee dim 



Carefully 
le pilb'balls 



will gradually collapse, until * and a are very near to each other 
will appear totally unelecirified. 

Eir, (B.) The apparatus being in this state, gradually separate i and B, 
and, in proportion as this is done, the pith balls will divei^ as before, proTicE 
that the electric stales of the plates had not been dalroyed during the previous 

351, These phenomena depend upon a very simple cause, the attraction of 
the electrici^ in a being sufBcienl to draw all that of the opposite kind in ii 
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fiom the wire m, into that put of the plate opposite it; whilst the electricity 
in ■ acts in a shnUar manner on that in ▲, polarizing the particles of the in 
tsrveniog dielectric air. Thus, by their mutual attraction the two fluids are 
collectad into those sor&ces of the plates nearest each other, and being by 
their attractive influence, retained there, become incapable of action on the 
eleotrometer: on sejMurating ▲ and a, this attractive influence decreases (326), 
and the electrio fluids being difiused over the surfaces of ▲ and b, act upon 
tlur eleotrooieters connected with them. The two electric fluids cannot unite 
hf. Inminous discharge, until ▲ and b are very close to each other, and then 
on making the oommunieation with a curved wire, they unite, and mutually 
VBOtialisa each other, producing a true disruptive discharge (349). 

Next, remove all free electricity from both ▲ and b, bring them within one- 
oT an inch of each other, and touch ▲ with an excited glass-tube; it thus 
positively electrified, acts by induction on the electricity in b, attract- 
ing iia negative and repelling its positive fluid, which, running up the wire 
M, reaches the pitii-balls and causes them to diverge. Touch b with the fin- 
ger, and the positive electricity thus separated by induction, will escape, leav- 
iBg B negative; its electrometer cannot diverge, because its negative fluid is 
imriniwi in the surface opposed to ▲ (317). Separate ▲ and b, both electro- 
aelara mrill indi c ate free electricity of an opposite kind in each ; again ap- 
ftomatk them and the pith-balls will as before collapse. Then connect ▲ and 
Bi by B ourved wire, and the two fluids will rush together and unite, produo- 
k^f a Inminous discharge. In this .experiment we have the second plate b, 
beooming negatively electrified through air as a dielectric, and this plate of air 
b nid 10 be ekarged, its particles, lying between ▲ and b, becoming polarized, 
and Bmnged as requiied by the theory of induction; the latter force being 
nooeamily and solely exerted between contiguous particles (319). 

The plate o€ air thus becoming charged, may be discharged and rednced 
to in primitively uneleotrified state, in two modes; first, by gradual and silent, 
Moondly, by ezploaon and sudden discharge. The conditions for producing 
&e first, are fiilfiUed by merely leaving the instrument exposed to the air for 
a sufllcient space of time, gradually the electricities in the two plates com- 
bine, and the separating dielectric air is necessarily discharged. For the 
teoond mode, all that is necessary is to connect the plates ▲ and b by means 
of a curved wire or other conductor, the free electricities then combine, sud- 
denly producing a luminous discharge. 

3d2. Any other dielectric may be submitted for air in these experiments, 
and if a plate of glass or resin be used, the electricities accumulated in its 
two sariaoes may be increased to a very considerable degree of tension (324). 

Exp. (A.) Place a^ large pane of glass, about fourteen inches square, be- 
tween the two plates of the apparatus (250), and bring ▲ and b so near to 
each other as to tighUy grasp the pane. Connect ▲ with the prime conductor 
of the electrio machine, and work the latter so as to render the plate power- 
ful^ positive : this will act by induction through the pane of glass, on the 
elsMricity naturally present in b, as before (351), repelling its positive, which, 
on approaching the hand to the beck of b, will produce a series of sparks, 
or discharges (334). After a certain time these will cease ; then remove 
the wire connecting ▲ to the prime conductor, and leave it insulated ; the 
plate A.wiU then be charged with positive, and b with negative electricity, 
both in a state of hi|^ tension. Connect the two plates by means of a curved 
wire, and dumptwe dUcharge, arising from the union of the electrio fluids, re- 
mits^ attended with a vivid flash of light and a loud snap. If, instead of 
using a curved wire, the plates be connected by the flngers of both hands, 
the same ditoharge ensues, accompanied by an exceedingly disagreeable and 
11 
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pftinfitl ratumioHt cxlenriing ncross the arms anci chett of &fl npcnmentor, 

Exf. (R) Inaieod of placing n pane of glMB between Ifae two melallia 
plates, ooBt ii on eHch side with n pi«e of lin-lbil, Iniring about one inch Bad 
a hair all rouiul unoo»eted. On connecling one piece of dn-foil with the coo- 
diictor of Iba machine, ami the otber with the eartb, tbe glau dielectric will 
become cUarged as before, thai side coiiDecIcd with the conduetor aciiuiting 
■ poweTfaWf positive, and the other an equally energetic aegalive charge. 

3S3. The diargi, thus commuEicated lo the pliile of glass, penetrates iu 
■nbatanoe to ■ certain distance, as was first pointed out by Mr. Henley. 

EiF. (A.) Coot two thin pieoeg of window-glaaa on one sida only with a ' 
piece of tin-lbil, considerably smaller than the glawes; place them togetfaei, 
with their tmooaled sides in contact. Charge this donble plate eg before, ami 
theii attempt lo separate them, they will be found lo adhere very tightly 
together; on pulling them assunder, the nalted ride of that plate which bad 
been connected with the conductor will be found poaitivety, and that of the 
other plate negalively eioctrifind. 

This maybe still mora readily shown, in the manner proposed by Dr. Fan- 
day, by charging in the rente maimer two plates of apermaeeti coveted on 
one side with tin-foiL The imperfectly insulating character of this lubilBDce 
enables us to detect this penetralioD of the charge more readily than when 
^aas plates are used. At the instant the dUchargt takes place, the two Blei> 
vicities acctrniulale in a state of high teneion on the coaled eiirfitces of the ghw, 
pass from a state of rest into one of rapid motion, cansliiuting the (feWv 
eumiU. There are indeed two such currents, one of poEilive the other of 
negative electricity, iraveraing the condueior joining Ihe two coatings in op- 
posile directions; these currenla are of bnt mcmentary direction and cease the 
instant the electric equilibrium of the dielectric is restored. 

3M. Induction, arid subsequent cliargB, do not appear lo be materisllj' 
tnodifled by Ihe Sgare of the glass, its thickness only influenciag these aaimt, 
ealtra paribiu, H\e thinner the glass the more powerful charge will il bold. 
As the plate Is a very inconvenient piece of apparatus, on account of its being 
readily injured, glass jars or bottles ctBted with fOine condaolor, are aimosl 
universally substiiuled for it. This, indeed, was the first arrangement usol, 
forming the celebrated electric or Leyden phial, so called from the place of 
its discovery, by Cuneus or Musohenbroek, in 1700. Green or while glsM 
answers almost equally well fur the construction of electric jars ; wide-moulhtd 
glass jars are very convenient, but on account of their expense, common wine- 
bottles may be very conveniently substituted, provided Ihey are free from eir- 
bubbles, and specks of iinvitrified matter. 

3SS. The ordinary Leyden phial, or jar, consists of a 
Fig. 198. glass bottle of any convenient sine, coated inlemally and 

eitemally with tin-foil lo about three inches from its mouth. 
The latter is closed by a dry and varnished cork, or wooden 
disc K, A stout brass wire, furnished with a ball of the 
same melnl, passes through die cover a, and has eevenl 

touch the insiiie coating in several places. The knob 
thus corresponds to the internal coaling. When naitow- 
moulhed jars or bottles, as ihe common siileen ounce 
pbiala of white glass (which from their Ihinncsa fomi ex- 
cellent electric jarsj are used, it is belter to coat them in' 
tornally with brass filings, instead of tin-foil, on account 
of the difficulty of applying the latter to their interior. 
For this purpose some thin glne should be poured into 
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them, and the bottle tamed slowly round, until its inner sarfiKse is covered 
to about three inches from the mouth. Brass filings are then put in, and 
the bottle well shaken, so that they may be diffused equally over its surface; 
oo inverting it, those which are in excess will fall out, and the bottle will 
be left coated internally sufficiently well fi>r its intended purposes. Some 
jen should alwajrs be provided with hooks, instead of knobs, as it is requisite 
frequently to suspend diem to the prime conductor. To prevent the too rapid 
deposition of moisture on the uhcoated part of the glass, it is a good plan to 
▼ernish the jar above the external coating, with a solution of shellac in alcohol, 
or with the common spirit- varnish of the shops: taking care to warm the jars 
before, and after its application. 

356. If the knobof a jar (355) be held about half an inch from the prime 
oonductixr, whilst its outside communicates with the earth, a rapid succession 
of sparks will take piece between the knob and conductor, which will con- 
tinue for some time, and then cease. The jar will then be charged, its inside 
containing positive, and its outside coating negative, electricity; their union 
being prevented by the interposed glass, unless the tension of the electricity 
be considerable, in which case, discharge oAen ensues through the glass, 
which then becomes perforated, and the jar rendered useless, or else by pas- 
sing over the sur&ce of the uncoated shoulder of the bottle in the form of a 
bluish lambent brush of flame, constituting the spontaneous discharge. If 
the electric tension be not sufficient to produce these phenomena, and the 
bottle be set aside, its electricity becomes gradually neutralized by the con- 
ducting action of the surrounding atmosphere. 

357. When an electric jar is charged (355), its discharge may be effected 
by connecting its outside coating with the knob, by means of a thick curved 
wire^ which is generally furnished with a brass ball at each end. This in- 
strument or discharging-rorl is usually fixed to a glass handle, and a cradle- 
joint, like a pair of compasses, so as to allow the metallic arms to be placed 
at difileient distances from each other. The jar may be also discharged by 

Fig. 199. 




grasping its external coating with one hand, and touching the knob with the 
other, in which case the person who performs the experiment, experiences 
the peculiar and painful sensation, termed " the shock'' in his arms, and if 
the jars be large, through his shoulders and chest A charged jar whoso 
outside contains negative and inside positive electricity, is said to be posi- 
tively electrified; and to be negatively electrified, when the electricity of its 
internal coating is bf that kind. 

358. In accordance with the conditions of the induction and disguise of 
electricity (358), it is obvious that an insulated jar cannot be charged (350). 

Ex». (A.) Place a jar on an insulating support, as a stool with glass legs, 
with its knob in contact with the prime conductor ; on working the machine 
for some time, and examining the jar, it will be found to be almost destitute 
of any electric charge. For on coimecting its outside and inside coating, by 
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rnmiK of the dischsrpug ro4 (357), no disnharge takes place, B ftint sptA 
□nlj appfvaring between the knob uf Ihe discharging rod anil the jar. 

Ei|i. (B.) Place Ihe jnr in the same position, ani! while the machine ie in 
BOlkm, approach he finger to the ouisiiie ooating, vivid sparks will ptat «>■ 
wards it, arising Trom Ihe posiliTe eleclricily belonging to ibe outjide of tlis 
JBT^ utuling with the ne-galive in the finger. Ai\^j a cermin time these 
eparlu will cense, and on approai^bing Ihe discharging rod to the jar, Ihe 
fliuh o( light and loud soap ilial ensue, prove thai the jar has received ■ aw- 
•idenble charge, Ir the knoh or a second jar be sub^iituleil for the linger, It 
v^ll beeome charged by the elecCrirjtf, repelled from Ihe oolside of ihe Em 
]at; UiIb mode of charging is termed, by the French, "oliarget en casracle.' 
And in this manner a series of jars ean be readily charged, reptesenlinf! i 
polar armngement, in which the imobs of the jats are (ill positive and ibe 
outside coatings all negative. 

Fig. 200. 



3SQ. The eltargi of an electric jar varies, caltiii paribui, wilh llie eitenlnf 
coaled surface; and on this aemuiit, very large jars have been consuucled, 
Tlieee. iiowever, liave sevciu) inconveniences, and among tbem may be meft- 
tioned, the necessary ihicknesa of Ibe glass when the jars ore very latgSi 
preventing inducliou lo any ({ceal intensiCy taking place lluough Ihem. On 
this account, several small jars coated in Ihe usual manner (353), are plued 
in a box lined wilh tin-foit, or other good conduolor, so as (o conueol iheii 
oulsides, wbilel their knobs, and consequently tlieir iitsides, are connected 
brass rods. The whole cousiiiuiing lUe ekclric liatlery. As i 
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the jars communicate, they may be cliaiged as a single jar (S56), their el- 
teriors being connected wilh the earth. A hook, x, is fixed in ihe side of 
the box in contact with the metallic lining, so as lo allow readily oommnni- 
eating chains or wires with the oulsiile of the jars. 

3Q0. In charging a batlety, its interior is connected by means of a wire ol 
chain with [he prime conductor, and its exterior connected with the esitlii 
and fiir the purpose of tracing the progress of the cha^;e, tbequadram elec- 
trometer (345, i) is fiieit in one of the holes of the prime conductor. On 
liiming the machine, the positive electricity accumulating in the inside of Ibe 
battery becomes disguised (350), by the inductive action of the outside coat- 
ing, and consequently does not not on the electrometer (351). But in pro- 
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imliuB w Ibe elMtriai^ obmm to be rMKiiMKl bf this aotioD and aeoniuBlBtM 
in Am oonAiatDr, it acU on the elcetromatar and nwea iti indei, whioh, vban 
diB fautaif bu BtbutMil in Btmott charge, seldom rises above 40° or S0° : as 
*• tMBaiOD of a battaiy ehaige nevei eqnala that of a nngle jar, probablf oa . 
MMMnt of tha laigBl sorftce exposed to iDduclire solioD. The balterj' may 
h* diiobugad Uka a ainitle jai, fay oonnecting iu outside and inaida, by meuia 
tC K <ll>i)wniii|i lod (35T), (h a ohain. Great care sbould be taken in tbii 
opMntlon to «TCi4 puiing an; o( the chBige through the bodj, as. the shock 
tomB powarlhl batteij niiglil be attended with serious consequences. 

Ml. After* large jaiOTfaattsifhai been diachBiged, its Iwosurlkces should 
telalt oanDBOIed for soma time, as a midual charge, nr'niag frora the return of 
Ilia alaetrU^ wbieh bod penetrated the eubaiance of the dielectric (3S3) to 
dM oewiiiga, often takes place, and may give a severe shock to a person 
IDadiinB the battery wilbont this precaution. According to Beiss, the quan- 
tity of fhia electricity nanlrBlized 1:^' the Srst discharge, amounts to |J only of 
■Ibe entire charge, -ff being left fbr the reudiial charge. 

363. When the two surfaces of a charged jar are connected by means of 
tb> HiacbaTKing rod (S57), or a king metallic wire, the two electric fluids rush 
together and nnite with an enonnous velocity. In fact, even with the largest 
dieuit yet employed, their union appears m be absolutely instanlBneous. From 
B sniea of very beautiful eiperimenis pedbrmed by Professor Wbeatatone,* it 
appears probable that the electrio fluid, in passing through a conducting wire 
Ihan one side of a charged jar to the other, rush througb the cooductot with a 
TCtai^ eqiBl to about S^6JM0 miles in a second of lime, 

903. From the above remarks it is obviouB tliat the coatings are by no 
■aoiM essenlial to an electric jar; they act only as surfaces limiling the )□■ 
dantra actioD, tbe dtargt itself residing, as has been already sliown, in tlie 
glMk This may be Ibrther proved, by provi'ling a wide mouthed glass jar 
wMl movabls ooalings ; charging it (3M), and removing Ibe coatings, Ibese 
wiO be Ibund nneleelriflad, and on replacing lliem by another pair, the jnr 
nay bs diaebarged, the flash accompanying which act, will be found scarcely 
kai than that of a jar whose original coatings have been retained. 

A jar may also be ohaif[ei< witltout meialllc c<»iingB; to show tbis, let a 
|lu* tumbler be grasped by the band, and its mouth beld 
over a pointed wire, fixed on ibe prime conductor of a Fig. 302. 

mMfaine in nelioa ; it will becofhe charged, and on fltting 
■ palrof coatinp toil, it maybe discharged like a common r^~^ 

i>r. ir, instead of discha^tjg it, it be inverted on a table »J''o°I— , 
over aooia li^t pith-balls, thess will be atlracleU liy its ^~ L° °V ft 
iMemaJ sarftoe in a very curious manner, and the dis- ^^^s^^i^hU 
oba^e wilt become gtadually effected. 

The coaling, as might be from these fiicts expected, needs Fig. SOS. 
BM 10 be cootiatMOS ; it may ooasist of a number of separate 
pieee* of tio-IUl fixed at a small distance frora each oilier. 
Jan thus coated, are lerraed diamaiid jon, from Ibe brilliant 
MinlilfaitipDS appearing on tfaeir lUiluceg when they are 
dMrgad and discjiarged. 

384. When the union of Ibe two electric fluids, necessary 
Kir Ibo disidiajge of a jar, Is eSected by various conductors 
eonneoling the two snrlaces, the charge is said to pass through 
Ibcoi, and very important and inlerpsting meclionical and , - , - . 
ehswital tdecuarethnsproduced. For the purpose of pass- ^^44v 
lot die ebaige thiough different boilics, a very convenient AAAA^ 
pieoe of apparatus, called the mmetrtat ducliurgtr, Is em- ^<y~7^ 
* Phil. Tiaatsaltoni, 1S34, p. Ml. 
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ployed ; thia con^uU of two biaM wires, ab, Tenninatiue in poiaH, to whioh 
Ifflllfl are sotewHd.snd furniihed wiihn lall and iockei or cradle joini, so ihu 
ifaey are uiovalile in any ilirection on the lope of Ibn ^laaa supporti CD. A 
, hollow wooJan siippon, », is Sneti miilwsy between tliBin ; into thia ia screwod 
■ wnBll wooden table having a alip of ivory Inlaid on its surface, on wbich 
nay subslanca to be subjected to Ihe eotion of tbe eurteni ia placed. A smoJl 
press is somedmes placed in I, instead of the table r, for the pnrpaae of Bib- 
miltiDB bodies lo the aclioti of the chatge whilst under piessucD. 
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365. The following eiperiments, reqnirinj; for Iheir perlotn 
jar, exposing about a aquara foot of coaled BucfHOe, will iUusit 
well the gtmeral properties of accumulaied electricity. 

(A.) Fix to the outside coating of 
FiH. a05. wire, i. tetminiited by a metallic b 

In the same height aa the knob of till ^ 
the latter, and hang by a silken thread midway \» 
Iwcen ■ and c, a fork ball, suspended by a piEWoT 
ailk thread. The ball will become immediately st- 
tmcted by c, (hen repelled lo ■, agiun alitnct«1, sod 

diwihnrgeil. 

(B.) Insulate a charged electria jar on a Enipporl 
Willi a glass leg, and conneot the electrio bells (Mi) 
lo its knob. They will remain at rest, until disout- 
Bide of the jai is placed in connection either with 

lain connected to the miiidla bell, when the clapper! 

an, and will continue suiiiing the bells undl'tha ju 



V ihel 



B gunpowder on the Inhle of the 
' iiihei ■ 



universal dischat^er (364), 
Iheir jioiuta in the powder, 

e outside of the charged jut 
with its knob, the dmfi 



at about half an inuli from eauh other. 

with the rod .i, by means of a chain, ai 

will ptiss through the powder, and scallei 

it. An effect prolwbly arising from (he enormous velocity (362) with wbicli 

the electric discharge occurs, not allowing suflicient time lo produce the efiecls 

of combustion. 

(D.) Place some more gunpowder on tlie tnble of Ihe discharger, and ar- 
range the apparatus aa before; connect tlie outside of a charged jar wilh i, 
liy meana of a piece of thick itring looked in water, instead of a chain; touch 
■ with the knob of the jar, and the gunpowder will be instantly inflamed. 
The action of the wet siring appears lo favor the combustion, by impeding 
that velocily wilh which ihe eleeiricity traverses the powder, and thus alknv- 
ing time for the production of its cakiric elfecla. 

(E.) Tie Botne tow loosely over one of the balls of the discharging rod 
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*(357), tad dip it in powdered resin ; place the naked ball in contact with 
tbe ootwie of a charged jar, and bring the other in contact with the knoU 
Diidiaige will lake place, and the resin will burst into flame ; the combustion 
lieiDg &Tored bjr the badly-conducting nature of the tow and resin. 

(F.) Place between the knobs of the universal discharger (364), a thick 
md dry card, and discharge a jar through it. A perforation will be pro- 
doDed, the card at that x>oint being burred outwards in both directions, as 
though the force producing the perforation had emanated from the centre of 
the thickness of die card in two opposite directions. 

(6.) Color a card with vermilion, unscrew the balls from the universal 
diicharger, and place the points on opiK)site sides of the card, one about half 
an inch above the other ; and discbarge a jar through them. The card will 
be- always perforated at the point opposite to the wire, connected with the 
negative side of the jar. A black line of reduced mercury will be found ex- 
tending from the point where the positive wire touches the card, to the place 
of perforation* This curious eflfectis attributed to the great facility with which 
pontive electricity passes through air, as compared to negative. If this ex- 
periment be repeated in wieuOf the perforation always takes place at a point 
wd iimmi iaU between the two wires. 

366. When electricity is accumulated in large jars, or, still better, in a series 
of jan constituting the battery, we are capable of producing results which 
smolate the eflfects of lightning; and may be considered as bearing the same 
nbuion to the area in which they are exhibited, as the former does to the 
great theatre of nature, in which its no less grand than awful phenomena are 
diqilByed. The mechanical effects accompanying the dischai^e of an electric 
battery are extremely interesting, but the calorific phenomena it produces are 
Mill mora 00. In these experiments, the universal discharger should always 
be nsed to apply, and the quadrant electrometer to afford a comparative mea- 
■ire of the diarge employed. 

(A.) Place a sheet of white paper on the table, and let a fine iron chain 
■boat two feet long, connected with the wires ab of the discharger (364,) lie 
Bpon iL Transmit the charge of about six jars, each presenting about a foot 
of eoated sur&ce, through the chain: — on removing the latter from the paper, 
its outline will be observed marked upon it, with a deep stain at each link. 
The paper is often burnt through in places if the charge be sufficiently pow- 
CfffiiL 

(B.) Tie on one end of each rod of the discharger the end of a piece of 
Ane steel wire,* about four inches long, and allow the charge of the bnttery 
to pass throu^ it The wire will undergo combustion, accompanied with 
■ Tivid flash of light, being converted into oxide, whi(ih is dispersed in all 
directions. 

(C) Place a slip of gold-leaf between two pieces of paper, allowing its 

ids to project, and press the whole firmly together by means of the little 
pressof tbe universal discharger ; let its rod ab (364) touch the projecting por- 
tknis of the goldAc&t, and transmit the charge of a battery through the appa- 
ntus. On removing tlie paper from the press, it will bo found stained of a 
deep purple hue from the oxydized gold, the metal being entirely converted 
iolo sub-oxide by the discharge. 

(D,) If, instead of using paper, the gold-leaf be pressed between two plates 
of glass, the latter will be generally broken to pieces, and the gold forced into 
tbeir substance by the force of the explosion. 
. 867. The facility with which metals are heated by the electric discharge, 

• The watek-pendubim wire is best for this purpose, that sold as number 32 readily 
nndcrf^Dg e<mibastion by a very low charge. 
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tinci rslio to their eonducSing powers. 
e greatei the ii»i»IHnce offered by n met 
c gteaipf ihe evoliition of beat. "ITio foil 



Lead, 



368. The elanrio di»oh«rgo 
pboreaceol piopertiei to tarious 



■ o&peble of ooniniiuiieating UBiuieiit phot- 
bodies over whir^h it pbhfi ; tfaiw sugar, fiuv , 
■par, ana cBrmnBie ot jime, oontintie to emit a green ligbl for some secomli J 
' alter the charge bos passed over their surfiice. This is best seen by placng I 
the bodies belween Ibe ends of the wires of the unireraal discharger (364), | 
Knd passing Ibe chai^ or a large jai through them id a dark mom. If aglig»> j 
full of water be allowed lo rest on ihe ends of the wires, the passage of iha 
discharge under ihe gas will retider Ibe whole beautifully luminous. TLs' 
mon curiniiB oipetimeni of this kind is made hy placing the end a of llie wiroi 
of Ihe diaclinrger abuiil a cguarler of an inch aparl and pressiug Ibe end of ibe 
thumb over lUein. On Ihen discharging a jiir tlirougb the wires, Ihe Ihumb 
will for an inslanl appear illumiuated widi a real light as if suddenly ren- 
dered transparent. Eggs, IVuii, &c., may ilias be rendered luminous. 

300. As we have Born tliat eleclric induction takes place with very greil 
fkoility tbroiigh highly rarefied aii (879), we can readily understand the ra- 

Fig. son. trie jnr coated tia usual, externally, its interior being eibausied of 

_j air, by means of the air-pump, and having a point dipped inio 

W its inside, and connecleil oxiernally Willi a knob. This appara- 

Ai< tus may be used lil» the common eleclric jar, jndiiciion and di>- 

/ ll\ charge renilily taking place from Ihe point over ils whole internal 

/ V \ surface. On charging and discharging in a dark room, the point 

/ \ "'^ '''^ "'" '° "^ iuside becomes beautifully illumiuaied widi a 

L J «■>»■ Of penal of rays (336), according as tbe eleotiieiiy in the 

V J interior. of Ihe jai happens to be of the positive ot negative 

370. The opposite electric stales of a chained jar may be 
beautifully demonstraled by means of the well-known Hgiires of Liechten- 
berg. To show these, make llie resinous cake of an eleclrophorus (322) dry 
and warm; draw lines on it with the knob of a poeiiively charged jar, and 
sift over tbeie places a miitute of sulphur and red lead; on indining the 
plate, to allow the eioess of the powders U) fall off, every line marked by the 
knob of Ibe jar will be observed covered wilh the sulphur, whibi the minium 
will be ilispetsed. On wiping tbe plate and drawing Hgiires with the outside 
of Ihe Jar, tbe sulphur wilt be dispersed, and Ihe minium collected in a very 
elegant manner on ibe lines described by tbe outside of the jar. The ra- 
tionale of Ibis experiment is very obvious, the sulphur becomes negatively, 
and Ihe red lead positively eleclrifled- by ihe friclion to which they are neces- 
sarily exposed, and on allowing Ihe mixture lo fall on surfacea possessing one 
or the other electricily in a free slate, Ihe sulphur will be collected on Ihe 
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Fig. 207. 
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pCHtifa, and tha miDimn on the negative pcnrtioDs of the plate, acoordiDg to 
the welMmown law of electrio attnotioo. 

. 371. The laot that the inteositj of a charge has no necessary relation to 
the qoantiiyaconinolated, most never beibrgotten in experiments with charged 
earfiusea. Thoti let an ounce phial be coated like an electric jar, and charged 
in the nsnal manner, a vivid although minute spark and distinct snap will ao- 
oooipany its discharge. If the finger and thumb of one hand be used to 
connect the outside and inside coatings, an electric shock will be distinctly 
JUL Then re-charge this phial, and connect its interior with the knob of a 
coated jar holding a quart, and unite their outside coatings by means of a wire. 
Separate the two jars, and it will be found that scarcely the trace of a spark, 
map, or shock, will accompany the discharge of either jar, although the ao- 
toal quantity of electricity must be the same as in the former experiment. 
The real change undergone being a diminution of tension in the accumulated 
electricity fiom its difiusion over a very large surface. 

372. The unit>jar contrived by Sir S. Harris enables us to measiure with 
eODndenUe accuracy the comparative quantity of electricity ac- 
wmnlnted in a jar. This consists of a small coated phial, in- 
jokted on a glaiss support Its charge is assumed as the unit 
of mcwira. A small coated jar, a, (generally made of a piece 
aC tfimm tnbe,) inverted on an inOBidating support ; a wire fur- 
■nhed with a knob at each end, capable of moving through the 
Ul B, it connected with the outside coating of the jar. The 
.vivB and ball c are connected Mdth the inside of the jar. Let 
die ootnde of the jar ▲ be connected with the prime conductor 
of the nwobine in action, and the end of the wire c with the 
knob of a laiger jar. It is obvious that the jar a will be charged 
MiMively intenmlly, its positive electricity thus repelled, enter- 
ing and charging the interim of the larger jar. After a short 
tine a. map and flash of light occur between n and c from 
the dlaobarge of the jar is. The latter again becomes charged, 
another portion of positive electricity entering the larger jar 
flOBi ita interior, and so on. llius, assuming the quantity 
aC eleetrioity required to charge one surface of the small jar as unity, the 
hmiiImm of huninous discharges occurring between n and c will inform us of 
the quantity of electricity contained in the larger jar. 

373ta By means of the action of induction causing the disguised or paralyzed 
(360) of electricity, we are enabled to detect very minute traces of free 
fluid with facili^ ; instruments arranged for this purpose are called 
To illustrate their use, touch the prime conductor of an electric 
michine in weak action, with a disc of metal furnished with a glass handle, 
as the cover of the electrophorus (322), and bring it towards the cap of an 
elflctiometer, the gold leaves will be scarcely affected. Then touch the con- 
once more with the disc, holding beneath and parallel to it, at the dis- 
of .jabont a quarter of an inch, a second disc of metal, but uninmlated, 
\hoai in position from the conductor, and touch the cap of the elec- 
with the insulated plate, quickly remove the other plate, and imme- 
diately the gold leaves will diverge to a considerable distance from each 
other. In this experiment, the conductor being weakly charged, the plate of 
the eleotioirfiorus employed can only remove a portion of electricity equal to 
in own Burfluie, a quantity far too small to act upon the electrometer. But on 
iiHWliiij the experiment, with a second plate held parallel to the first, induo- 
liaii eomee into play, the electricity whidi first enters the insulated plate be- 
eomea falmt er rfiyanf/, d iVesh portion enters, and sb on, until the plate of 
■ir '**««^*»'»^ between the two discs of metal becomes charged (351). On 
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then srpBratins ihura, the coercins force holding the etonlricily latent become] 
lemoveil.nnd the nbaorbeil electric fluid rpiiHil)' acts on (be electrometer. The 
moBt convc-nieni form of the condenser is rurnisheil by ttio apparaliia us«d in 
the beginning of lhi< obBpter id illiiBtrate the phenomena of indirciion (3585, 
To use this for n condenser, remove the corb-tMll electrometers, and connect 
one of the plates, as *, with a gold-leaf electrometer (304), by means of » 
wire. Let the other plate commnnietile with the earth bjr means of a pieos 
of chain or wire, then bring the two plates as neat o* possible to each other, 
biit without allowing them to touch. By meansof a wire, or by absolute con- 
tact, connect the boily whose electricity is to be examined, for a few seoondi, 
with theplatei; ilien remove it; quickly separate ■ fmm jl, and instantly 
the eleclriraty lell (tea in i, will cause (he gold leaves of the electrometer to 
dJTerge. In this manner, the smallest traces of free electricity can be readily 



374. In the condensers usually mnde in this coonlfy 
Fig. SOS. the uninsulalod plate is made to move bacli on a hinge, 

as sJiown in Ibe figure, where the electricity Bud the ui- 

As it is dilficult to place the plates of the condenser as 

.■^' close as is necessary, without their •accidental contscl 

..) often ensuing, it is usual to cover (heir opposed Eurfsaet 

with a thin layer of resinous varnish, as a solution of 

gnm-lnc in alcoboL When plates thus prepared ale 

Insed, the layer of resin becomes the charged dtrltetne, in- 
stead of the thin plate of air. Tht>y arc tlien most am- 
venienily arranged horizontally, and this is (he Ibrai in 
which the)' are generally used on the continent 
37S. Aided by these condensiug instruments we are ena- 
bled to appreciate the disturbance Of electric equilihrium m 

tu do so. The fallowing are somejiigbly instructive inslonce) 
of Ibis kind. 

(A.) Dtttavm of tJettrirUy txeiltd by mmftiution. — Conned 
a delicHts gold lea/ electiometer i with one plate n of ike 
condenser, placing the other, i 
h by H chain n. Select a p 
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coal, and keep it brilliantly burning for a few seconds by aid of a slreaiD of 
ait from a pair of bellows held at a distance ; then quickly remove (he unin- 
sulated plate G, and the gold leaves will diverge with negative etectrkily. 
(Pouillet.) 
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(B.) Ekdneiijf tvoh/td fty ndudion of taUg of tUver. — ^Remove the charcoal 
in the laat ezperimont and replace it by a capsule of platinum containing a 
§afw gnina of oxalate or citrate of silver. Apply the flame of a spirit-lamp 
vnlU die capmie it barely red hot, and then quickly remove it The silver 
will be zednoed to its metallic state, and on lifUng off the plate c, the gold 
laavea will tepaiate with negative electricity. (Bottger.) 

(C) EkttneUy nohtd 6y dteompotUion of nitrate of copper. — Place on the 
«ap of the electrometer a few folds of wet bibulous paper, and place on it a 
fcw ajstals of nitrate of copper wrapped in a piece of tin*foil pierced full of 
holea. Am soon as the water penetrates the foil from the paper the tin will 
be acted upon, the nitrate of copper reduced, and red fumes will escape with 
a OQpioiia evolution of heat The gold leaves will diverge with negative 
de etfl cigeQ removing the uninsulated condensing plate. (Bdttger.) 

(D.) MSvobitum of dedricUy during the breaking up of cryatah. — Place in the 
pltfiniim c^;>tule used in experiment 6^ a few crystals of the double sulphate 
of poiaaa and copper ; apply the heat of a spirit-lamp until they fuse, then 
icmove the lamp. The melted salt will soon solidify into a solid mass. In 
a few aeooDd* this will begin to break up with a loud crackling noise, and 
QimiioviDg the upper condensing plate the electrometer will be found 
ohufad with positive electricity. (Bdt^er.) 

370. When a large jar or battery is discharged by means of a discharging 
nd without a glass handle, a slight shock is often felt by the person holding 
1^ aWwwgh he forms no part of the direct circuit This arises from what has 
been tanned the htaral ejqpkmon, or more appropriately by Lord Mahon, the 
ithmdng shook, and is owing to the accumulated electricity not passing 
ftwiMgh the opodncdng medium in a single instant of time, although its rapidity 
M exeeenve (362). It therefore acts momentarily by induction on the electri- 
tilam naturally present in the substance in contact with the conductor, as the 
hMid,and thus effects their separation; their recombination taking place the 
ititux die disoharge of the jars is completed, producing the slight shock ex- 
pMienoed. The lateral explosion is exhibited in the following experiments. 
(A.) Charge a jar, and place on the table, with one end in contact with the 
M^ide coating, a piece of brass chain. IMscharge the jar by means of the 
^Uuglng rod, and the instant the discharge occurs, the chain, although not 
tenmg any pan of the circuit, will be illuminated by a spark appearing be- 
tvaea eadi link. 
(B). Let an intolated oondoctor o, be placed about three inches from the 

Fig. 211. 




<Bd of the prime oondixstor i, of an electric machine. A conductor connected 
^Hth the earth by means of a chain, as n, is placed about a quarter of an 
te inn c. Then ▲, being positively electrified, decomposes the electricity 
^ tiiepelling it»potitkfe to n, whence it escapes to the earth, so that o is left 
^ • BSfatlve state. On discharging a, by touching it with the fingers, a vivid 
Vttk appeanlwtween d and o ; and c is then found to be in its natural elec- 
toe Mate. 
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377. Hilherto,we hnvBConsklered ilmt a^atiVBandpodtiTOeleolriciiyiioi- 
Ksi the FJime properties witli icgardlo i^onduclion smlinmlalion; diSeriDgin 
the appearance or their Inminous diirhnrgp, the one being accompHiiied bf ■ 
■tor, and ih? otbn by a pencil of light (339). A remarkable dnamuBnai 
luM been laiel/ob»rseil, which lends lo indicsie the probnbilitf of the eiitb 
enoe of some more jinpomnl diderence belvraen tfasin, inslanoed in cerli^ll 
bodies being cspabla or cooductiiig one fluid, and tnsulsting The olber, irtiGii 
tlwj are in a ftiaie of extremfiy ireak lengion. These btxHes are ferrned lai^ 
polar ; among them, the flames or alcohol, coal-gae, and sulphur appear toanO' 
duol poaitive elecnicily, whUai iho flame of phosplionis, dry albumen, iTOrj, 
and dry Knp, oDtidnci neEatire electriciily. Of an HppToach to Ifaia caiitni 
clBSi of bodies wo httve an instance iu aimoapheric air, which would appm 
10 allow the discliarge of poeiiiye, lo late place quicliet than negative elafflft 
city (3O0, h), although Professor Belli bes slated the contrary to be the facL* 

378. Ciood conduclors, and nonconductors pass into each other by iDsenai- 
ble grades, and indeed rather diSer from each other, in one insulating better 
or worse than aitotber, as they all ofler more or leas opposition to IndncJiDa 
and resulting discharga taking place through them; and at length, such a point 
of indifference to the discharge of electrioiiy is met with, that bodies ata 
known which allow diachaige to take place Uiiough them in one direetian, 
anil prevent it in another, as in the so-called unipolar bodies discoTered ty 
Ermann (377). Many non-conduclors insulate when cold, and i»Qdnet when 
healed led-hot, as glass. Others do not aoquire their conducting power until 
Ihey nre fused, as in the case of resinous eleolrioB, which allow dischargs lo 
take place through ihcm when they nro fused, a cireumstajice first, i beKeie^ 
mentioned by Cavallo,t and shown lo hold giiod even with electric cottenB 
of weuk tension, by the clubonite toseaiches of Faraday, 
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^Imoiphcric EtectrKily,379. Bledrotcopit, 3S0. Diumal md tmHtthlji variatim 
of Mkclriali/, 381. CaoKt modifymg, 3S2. CoUtcttd by tht Kile, 3H*. Sourca 
of Jirial Ek-iridiy, 3S6, Lightning, 33"! . FanHomurrti, 3S9. lUtulratiix 
experimentt, yiO, ^u^gnrtles, 302. Oniric miitort, 3^3. 

379. The atmospheric medium, by which we are surrounded, contains not 
only otmi^neif electricity, like every other Ibrin of matter, but also a considera' 
bie quantity in a free and uncombined alatoj sometimes of one kind, some- 
times of the other; hut as a general rule it is always of an opposite kind to 
that of the earth. Different layers, or strata of the almoaphete, placed only 
Bt small distances from each oiLer, are fVequently found to be in diSerent 
electric states. 

3B0, Various j 
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yolM elefBtod about diirty feet into the air, provided with a metallio point at 
their upper, and influlated at their lower ends; the electric bells (345 n) 
being fireqnentljr aiupended fiom a oondnctor in contact with such pieces of 
•iqpnmtiui, ao tfaat bf &eir ringing, they may indicate the presence of free 
elactrioity in the oGodnctor.* A long fishing-rod, raised above the highest 
put of the bonae, and provided with an insulating conducting wire, furnishes 
a very €(»venient appamtus for occasional observationsf The apparatus 
sted if Sanaanre in his well-known researches, was merely a well-insulated 
eleotzometer, provided with a conducting wire about three feet in length, to 
■baocb the electricity fixxn the air. 

881. By means of any of these pieces of apparatus, we* can readily arrive 
tt a knowledge of the electric state of those portions of the atmosphere 

»naaraat the earth. In clear weather, indications of free positive electricity 
an always to be met with in the atmosphere ; this is w^tk before sunrise, 
beeoming atrooger as the sun passes the horizon, and soon afterwards gains 
ita greatest state of intensity; it then rapidly diminishes, and regains its 
■iaMMMft state some hours before sunset, after which it once more increases, 
and gains its second maximym state, which then decreases until the following 
morningj 

M. Sofanbler of Stuttgard, to whom we owe the above observations, has 
famadEed that the atmospheric electricity increases from July to January, 
.and then deoreaaes. It is also much more intense in winter than in summer, 
and appears to inorease as the cold increases. 

882. Among the causes modifying the electric condition of the atmosphere 
mnat be ranked its hygrometric state, as well as, probably, the nature of the 
effluvia which may be volatilized in any given locality. Thus, Saussure has 
observed that its intensity is much more considerable in elevated and isolated 
plaoes, than in narrow and confined situations; it is nearly absent in houses, 
nnder lofty trees, in narrow courts and alleys, and in inclosed places. In 
crowded cities it is most intense in the squares, and upon the bridges. In 
some plaoes the most intensely electric state of the atmosphere appears to be 
that, in which large clouds, or dense fogs, are suspended in the air at short 
distances above the surface of the earth; these appear to act as the conductors 
of the electricity from the upper regions. 

383. Gavallo, from a set of experiments performed at Islington in 1776, 
■soertained that the air always contains free positive, electricity, except when 
influenced by heavy clouds near the zenith. This electricity, he found to be 
strongest in A)gs and during frosty weather, being weakest in hot weather, 
and just previous to a shower of rain ; and to increase in proportion as the 
iDStrnment used in its investigation is raised to a greater elevation. This 
indeed necessarily happens, for the earth's surface is, cateris parUnu^ always 
negatively electrified, a continual but gradual combination of its electricity 
with that of the air is constantly taking place at its surface, so that no free 
positive electricity can be detected within four feet of the surface of the 
earth. 

Mr. Crosse, of Bromfield, collects and examines the atmospheric electricity, 
bj means of wires, insulated and supported by poles and by the trees in his 
park. When these conductors are about one-third of a mile in length, he 
lias frequently succeeded in collectiog sufficient electricity, to charge and dis- 
eharge a battery of fifty jars, containing seventy-three square feet of coated 
sorface, twenty times in a minute, accompanied by reports as loud as those 
of a cannonS 



* PhiL Transactions, 1702. 
t Beequerel, Traits, t iv. p. 84. 
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t Cavallo, p. 370. 

^ Sturgeou's Journal, vol. i. p. 130. 
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SS4. Tho first lalis&ctory Bitempl » collect the eleclricil)' of the nppsr 
t^iong of ibe lu , wag itiiuId by Dc. FiBnblin in Nonb AmEiioi, in HS?, 
■Ithoiigh ilmuBl Leobeerved tliai a thori time prerioualj', Dalibard, iii Franca, 
bad bf means o( a long-pointed condBcCOT, raised in Marly-la-Ville, mcceeded 
in obtaining vivid eparlca of atmospheric elediicily. Dr. Franklin raised iulo 
Ae atmosphere a Mie, fiinoed by elretching a Eilk handkeichief BcituB two 
lods of light wood, and with Ibis, wben the airing had been rendered lOSi- 
(jently moist by ibe falling rain lo conJuct electricity, ho obtained a copicmi 
mcceuion of sparks, from a key, taElened to the end o( ibe string. Subse- 
qaently, M. Eoinas, in France, by incrensing the lenglh of the string, obtiunod 
flashes of electrie li^t Tiom his apparatus, ten feet ia length, aceompanled 
bya report as loud as that of a pistol. Sbottly oAerwarda Piolbasar Biclirnut, 
of St Fetf rsbarg, was struck dead by a discharge from an apparatus, similar 
10 tbat of M, Dalibard, with which he wv- xpeiimenting. 

Oarallo, in 1777, raised an electric kiit pealedly in dio neigbhorhwid of 
London, and obtained an enormous c|iiBnl of electricity; he found that ths 
electiieify frequently changed its characwi, -o the kite passed throng difleiBUl 
aCrial layers or strata. 

38S. Perhaps the most ingenious moclr -' investigating the electric Btnle of 
the upper regions, is by means o{ Iho laranis used by MM, Becqnerel 
■ttd Kreschet, on the great St Bernard.* bese gentlemen placed one end 
of a cord coverftd with tinsel, about oinel- aids in length, on the cap of afl 
electrometer, and lying tho other to an Hr v, they projecled it, with tba >ai 
of H bow, into the air, and they Ibund tbi he gold leaves diverged in piw 
ponioD as the anow asceuded into ibe aUuusphere. 

_. , Fig. 312. 




386. The probable cause of ibe ftee electricity in the air has been referred 
to various sources ; the phenomena of animal and vegetable life, as well as 
chemical action, have been called in to explain its origin. Among others, the 
evapofation of water, and other fluids, constantly taking ptece oti the earth's 
amface, may certainly be regarded as one of the sources of atmoepheric elec- 
nlei^. The evolution of electricity by evaporation, may be readily proved 
bf placing on the cap of a gold-leaf electrometer a small melallic cup con- 
taining water, in which some common salt has been dissolved. On dropping 
into it a piece of hot cinder, the vapor will arise copiously and carry off posh 
ttve electricity, leaving the cup negatively electrified, widi which electrtdly 
tbe gold-leaves will diverge. If water, containing a minute portion of an 
Bcdd, be substituted for the weak brine, the reverse will occur, the gold-teaTCi 
diverging with positive electricity, the vapor being negatively elccOified. 

Hardly venturing to differ from so high an aulbority as Dr. Faraday 00 any 

subject connected with electrical science,! still cannot help expressing my con- 

vlotton that the electricity evolved in these experiments is due really )o eva- 

* Ttail<aerElecIricll<eldBMKgn«tiinie,Liv. p. 110. 
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, and not to fliotioo,m8 I really regard thii as a very distinet case fironi 
iou duengmement of eleotrioity in the hydroelectric machine, and 
lineid to agree with Mr. Armstrong, in regarding evaporation of fluids 
It least of the sources of the electricity of the atmosphere. 
The oioads, consisting of immense masses of aqueous vapor, are tole- 
lod oondnctors of electricity, and consequently, contain a considerable 
r of the latter in a free state. There can be but little doubt that a 
mtists of an aggregation of minute hollow vesicles of aqueous vapor 
'ith air. These when similarly electrified do not repel each other, 
apart, unless they are quite beyond the inductive influence of the 
r of anj nearer body. Thus, a glass feather fixed in one of the holes 
prime conductor of an electric machine will appear animated, every 
iitnally' repelling each other. But if the hand, or a large brass ball bie 
ar it, then the fibres will fall togefiier, lose their appearance of repul- 
d bend towards the hand or ball under the inductive, and oonsequently 
re influence exerted by them. 

Two clouds, being in difierent electric states, act upon each other 
. the particles of the intervening dielectric, or air, like the inducing 
I or metallic coatings of a charged jar, and when sufficiently near to 
her, diaekarge occurs, producing the vivid flash well-known as lightning, 
ly accompanied by tlie loud reverberating sound of thunder. When, 
other hand, induction, and consequent charge takes place through the 
ween an electrified cloud and the earth, an explosion or di$chargt en- 
hea the intervening particles of the dielectric are so arranged as to 
if its occurring ; producing a second, and much dreaded form of light- 
This mode of establishing an equilibrium between the oppositely elec- 
odies, often ensues through the medium of the nearest most prominent 
or, which, if a tree, is often riven in sunder ; if a buildings is frequently 
in pieces ; and if an animal, severely injured or even killed. 
Several instances have occurred of the fatal efiects of a tempest having 
.erted on animals at a considerable distance from the spot where the 
irioQs results have taken place, and where the violence of the storm 
id to have been chiefly exerted. This will readily admit of explana- 
the supposition of a lateral explosion or returning shock (376) having 
1 Thus, if A B be a large doud, positively electrified, approaching at 
A, within striking distance of the church-steeple c, the extremity a 

Fig. 213. 




' its inductive action, decompose the electricities present in any object 
a traveller for example, repelling the positive to the earth, and leav- 
1 in a negative state. When ▲ has approached sufficiently near to c, 
losion will occur, and electric equilibrium will ensue, b being thus 
tiectrifled, no longer exerts a coercing force on the negative electricity 
hicht attracting the positive electricity previously repelled by B, causes 
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f sh wilb violence into d, pTodacing dadiarge, bdJ a reBtotnlim of elecRic 
irium, wiih such mechanical tbice, bowevet, ui too often to kill Ibe on- 
...ale iDdiTidunl sitUBled at n.* 

M<KI. Science, and muildnd genemll]r. must ever remain debtors to the in- 
IKUliily or Dr. Franblia, for proposing, ai leajt, a partial pnMPclion agaiiisl 
iheae dreaded pfTfcts of Ibe iempe»i, in Ibe invention of the paratmmtrra, ar 
ligblning rods. These consist of metallic conductors, of snfficieol thickoesn, 
mBBllT- filed Bgninst tbe ndea of the biiilding the)' are destined to proteel, 
their upper eiiromiiies oilending «iine feet above it, and terminaiing in a 
pcrint, which ia bpst ounstmcteil of some metal not liable to oiydaiion. Tbe 
lower end is buried in [he eanh, lo iho depth of a lew feel. For BhipB,flBii- 
ble paratonnerres, composed of copper chain, or slips of Ifaat metal, are Gied 
to the masts, and reacbing from their faighefl points lo the outside of the keel 
of the vexfel, so as lo conduct the eleciriciiy barmleSBly to the water in whioh 
fte vessel floats. Whatever form is used, one general precaution is dcopbsbiT, 
thai ali and ivtry porlioH of Iht pandumtrrr lioutd bt ai ptrftdly «mlHu»M oi 
}ici>nil(, (or wherever a break or interruption occurs, the eleeiric fluid, in rnth- 
ing from one portion lo another, is liable lo produce the very danger whicfa 
these inslrumems ore intenileil to avert. 

391. To ilhisliate some or these poeilic he thnnder-hoase as itis termed, 
was invenlod by Dr. Franklin, ja is a ; '.of hard dry wooii, cut inio ibe 
shape of the gable end of a house, with a orass rod, terminating in a hall at 

Fig. 214. 




c, fixed aginsl its side, and terminating at d in a book. At i this condnctot 
is interrupted by a block of wood, fliting loosely into a cavity made to receive 
it, having a wire filed across it; so that when ■ is lilted in its place, as in 
the figure, the conductor en is perfect ; but when placed in the opposite di- 
rection, as shown by the dotted line, Ibe paratonnerre CD is interrupted in its 

Eip, (A.) Charge the jar v; connect its outside with the hook at the end 
of n, and its knob with the pointed wire supported on its iiautating stand a, 
and bearing on its apex the brass rod K, terminating in balls, and moving on 
it in any direction, as on a pivot. Place the window x in its place, so that 
the brass conductor may be continuous, and cause K to revolve, so thai one of 
the balls terminating it may pass wiihin half an inch of c. The jar will be 
discharged, and the window ■ remain unmoved. 

(B.) Repeal the last experiment, with the windows placed so that its wire 
may be at right angles to the axis of the wire cd. On discharging the jar as 
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Iiefae (A) the efieots of tiie axplotkn will be exerted on i ; and will project 
it with Tioienoe fiom the carity into which it fits. 

(C.) Let things be ananged as in Exp. (B), but remove the knob on c, and 
leftTa the panuonnerre pointed. On allowing k to revolve the jar will be 
tJkut^g diadfaarged. Hie electric current, during this gradual discharge by the 
point, neTer ^^^iripg sufficient tension to act energetically on x, although it 
was dii^taced with vkdence when d terminated in a knob. 

(fK) The p ro teoting influence of pointed conductors is more strikingly shown 
hjf the eleetrical toy, called the powder magazine, in which the interrupted 
^ portiop .of the oondqolCNr reposes in a mass of gunpowder, placed in a wooden 
' IBOdiBl of a house. If the jar be discharged whilst the paratonnerre terminates 
la a poin^ the powder is onpiffected ; but if a knob be screwed on, the dis- 
diBiga flxplpdes the powder, and'bk>ws the model to pieces. In repeating 
lllit •gperiment^ a piece of wet string should be used to connect the jar with 
Ae hm of <he paratonnerre, for rea9onB already mentioned (365 d). 

389- When lightning strikes a sandy soil with sufficient force, it oAen pene- 
miM !• tibe depth of several feet, forming the gravel intoasort of tube, known 
mm fidgmiU, and in almost every instance has been found to terminate in a 
JHlbiemnean leeervcnr of water. 

The kuntieot lightning so common in the sultry autumnal evenings is unat- 
iMidad with the spmid of explosion, and often appears in the most opposite 
legKNie of the sky. It has been in many cases nraced to the restoration of 
sleetrio equilibrium disturbed by storms actually below the horizon. 

39S. llie well-known meteoric appearances so frequent on the pointed 
masts of shipping, known as Castor and Pollux, the feu de St Elm of the 
Frendi, and Efansfeuer of the Germans, appear to depend on the slow dis- 
charge of atmospheric electricity by the pointed masts of the vessel. 

The beautiful aurora borealis, so frequent in the north of Europe, and of 
Jata years not of unfrequent occurrence in the neighborhood of the metropolis, 
depends in all probability, on the passage of electricity through a highly rare- 
^ed medinm. From the calculatk)ns of Mr. Cavendish, it is probable that the 
aaraia nsoally appears at an elevation of about seventy one English miles 
above the earth's surfiKse; at which elevation the atmosphere must be of but 
Y^Jy^Y tunes the densiQrof that at the earth's surface, a degree of rarefaction 
nr above tfiat affi>rded by our best air-pumps. As electricity is diffiised in a 
qoantigr nearly proportionate to the elevation above the earth's surface, it ap- 
pears very probable, that under fitvorable circumstances, it would appear lu- 
loinons.to us, in the vast regions of rarefied air terminating our atmosphere, 
in a maimer analogous to that in which it appears on an infinitely smaller 
«ale in an air-pomp vacuum. When the discharge of a large jar is efiected 
thioogh a long tube filled with rarefied air, it appears luminous, not in flashes, 
lika -the hufiinoiis aurora (340), but in a condensed form, like a ball of fire, 
.frUlDg fliroogh the tubes; very closely imitating in appearance that of some 
other meteorsi well known as/oflmg or thootmg ttart, 
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tUaridly in, 414 — baturia, 41S — 119, Prof. Ohm'i fonmiia, 420. Zww- 
noui dachoTgt of battery, 423 — (rniu/w of ponderablt matler dttring, 424— *»■ 
hri/k tfftett of, 435 -rtfrigiratmg tfftcti of, 426. Poiiiive ond lugoftw null 
0^ baUery, ii'i—traltr balttria, 430. iJry pila of De Luc and Zamimii, 
431. Prof. Ormttgai batten/, 433. 

394. iThasbeenalrefldf mendonerf.ibat two plates of glass, when presKil 
together, imd suddenly sepBrateJ, assume opposite elGctrio statei (3IU). TIm 
rame thing occurs when two disks of different metals are similarly trenloi 
To detiionatrate l)ii9,tHlce a plate of copper and one of zinc, about four iiKba 
in diBaioler, each furnished with a g1a«s handle filed in its centre ; conueei • 
gold-leaf eleclrometeT with the plate a of the condEniscr (373), allowing > lo 
be eonnepled willi the earth. Press ihe copper and Eino plates ti^ethec, holJ- 
ing tiiem by their insulating handles; suddenly separate and apply oue if 
them to Ibe plate * of (he oondensec; again press them together, haviug -fre- 
viously touched them with the finger to restore their electric equitibijuui, sn<l 
reapply the same plate lo ihe conductor. Rfipeot this about sii times, ibEO 
draw back the uninsulated plale b, and the gold ieaies of (he electromeUt 
will diverge with pontine Electricity if the line, and with ntgatiet if the cop- 
pet plate has been appMed lo the condeuser, 

395. The develoiimeiit of free positive in the siine, and of free negatiVB 
electricity in the copper plate, was attrihiiied \ij the illuatiious discoverer of 
the fact, Pro£ Volla of I^via, to a peculiar electromotive force, under ifliicli, 
metals, by simple contact, tend to assume opposite electric states. This the- 
ory has now iMt few supporters, in consequence of the mass of evidence ihsl 
has been opposed lo it by Fabroni, De la Rive, and our illustrious cxHintryman, 
Faraday, lo whom we are so largely indebted in ibis branch of science. Tbess 
philosophers have very salislactorjly proved, that whenever electricity is de- 
veloped during metallic contact, it is owing to some chemical action under- 
gone by the most teoiiily oxidizable metal. So rigorously has this been de- 
monstrated, that it [nay be slated as a general law, that no chemical action or- 
cure, unaccompanied by diaurbann of elKlric iquilibrium, and comtqutnt devtiop- 
tntTit of fnt electricity, altliough it is fully possible for such to occur without 
our being able to detect it, Ibr unless the electricity evolved is in sufficient 
quantity lo circulate as a current, or of sufficient tension to be collected by a 

ing plate and act on the leaves of an eloclromeler, it may escape the 
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complex natnre, the ibroe by which the elements, both proxunate and ultimate, 
mre held together, appear to bear a close relation to their electric state, and 
their separation is generally accompanied by the evolution of a current of 
electricity of low tension. So general is this fact, that the discoveries of 
Dr. Faraday have certainly very closely pointed out the probability of chemi- 
cal affinity being after all but a modification of electric attraction ; an opinion 
previously adopted, with some limitation, by Davy, Berzelius, and others no 
lew deservedly celebrated in this branch of experimental science. 

Among the ultimate elements with which chemistry has made us acquaint- 
ed, there are twenty-two which are characterized by their electro-negative, 
mod tfair^two by their electro-positive state in relation to each other. 

L ELxcTBO-irxaATiTx. 



Oxygen 


Fluorine 


Tungsten 


Hydrogen 


Carbcm 


Antimony 


Nitrogen 


Boron 


Tellurium 


Sulphur 


Silicon 


Titanium 


Phosphorus 


Selenium 


Tantalium 


Chlorine 


Arsenic 


Vanadium. 




Chrome 




lodiue 


Molybdenum 






11. Elxctbo-positivb. 


• 


Gold 


Tin 


Yttrium 


Platinum 


Lead 


Glucinium 


Iridium 


Cadmium 


Aluminium 


Osmium 


Zinc 


Magnesium 


P^ladium 


Nickel 


Calcium 


Rhodium 


Cobalt 


Strontium 


SUver 


Iron 


Barium 


Mercury 


Manganese 


Lithium 


Copper 


Lantanium 


Sodium 


Uranium 


Cerium 


Potassium. 


Bismuth 


Zirconium 





These substances are, it must be remembered, negative or positive only in 
friation to each other, and their mutual chemical affinities appear to be in the 
latio of the intensity of the difference of their comparative electric states. 
Thus potassium has the greatest affinity for oxygen of any other substance in 
nature, and, accordingly we find that, whilst the former is in its combinations 
powerfully positive, the latter is as energetically negative. In the list of ne- 
gative bodies every element is to be reguded as negative to all below, and 
positive to all above it in the list: thus hydrogen is negative with regard to 
nitrogen, but positive with regard to oxygen. A similar observation applies 
to the list of electro-positive elements. 

397. Let a piece of zinc be amalgamated by immersing it in a little dilute 
■Dlpboric acid, and rubbing a few globules of mercury over it with a piece of 
oork. Fill a glass with a mixture of one part hydrochloric acid and six of 
water, and place the amalgamated zinc in it The brilliant surface of the 
sine almost immediately assumes a grayish tint from its becoming covered 
with myriads of excessively minute bubbles of gas. These consist of hydro- 
gen, arising ftom the decomposition of the acid, its chlorine uniting with the 
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Ihe hvdn tea Cot wbich tbe metal has no Bffioiljr, mecfaanicalEjr ad- 
U >u and Ibua by a. gmraus covering sbields it Horn tlie funher 

>f the I Then immatse ia Ibe Quid a ml of any melal slaadiiiB 

sine in Uiu mit (39i)), as a pieoe of copper or silrerj no obvious action 
iccui until it luuches [he sur/nce of Ihe zinc, when in an instant B. lorreDt 
sbles or gmi is evolved from tha copper, aa though it were undargoii^ 
in, no evolution of gas from Lhe zinc taking place. The copper, how- 
oEi, roinaiiis cbemicaUf unacted upon, and Ihe Einc ia alone iLssolveil, and 
oatuequBntly mere chemistry is incapable of aiTordiDg a salisfactory Ealulkn 
to tbe curious phenomena just deBcrihed. From the ihcts already stuteil, — 
KB that the copper and sine, being placed in contact, assume opposite elec 
Blaies, from the chemical aclion of the fluid on the most oiidizoble melaL 
39li. The origin of the action itself mu^t be referred to an eialled atD 
tioD of the zinc for the chlorine, which beo — les at last so intense as to enabfai 
it to lake Ihe latter fiom tbe hydrogen y,.-h wbicfa it was previously 
bined. Hut the hydrogen is evolved at a dislanl pail of the fluid, viz. 
Ihe surface of the copper, which may be even several feet from the zinc plole, 
und the intermediiue portion of fluid undcr^es no visible change of anf kind 
during ihie imnsfec of hydrogen from the zinc to the copper plate. This ia 
explained by Ihe fact that at tbe moment the olom of hydrochloric add ii 
decomposed at the zinc surface, and Ihe clilorine combined with the latter, a 
current of positive electricity leaves Ihe zinc, and by a kind of oonveciiva 
Jbrce tarries with it the alom of hydrogen which was deserted by Ihe chlo- 
rine. This atom, instead of being itself carried onwards, decomposes Ihe 
first atom of hydrochloric acid in its palli, uniting widi Ihe chlorine; this 
aeojnd alom of hydrogen still urged onwaida by Ihe oonvpclive force of Ihe 
eurrenc in its turn seizes the chlorine of another atom of hydrochloric add, 
caasing its hydrogen to be evolved, and this nation con linucB until theelecDia 
current reaches the copper plate, where it leaves the last atom of hydrogen, 
which, becoming passive, is here set free. As these changes occur instanlH- 
neously and invisibly, they altogether escape detection by our seusea. The 
following diagram, in which c is the copper plate, i Ihe zinc one, connected 
by a wire d; ■ and cA, respectively represent Ihe atom of bj^lrogen, and 
chlorine, will perhaps render Ihese changes more intelligible; thcEUTOW show- 
ing the direction of the positive current thrODgh tbe fluid. 
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As no one electric element can be set free wilhool the other wilh which 
it was comtuned being set in motion ; so whilst a current of positive fluid 
passes from the zinc to the copper through the liquid, and thence back to (he 
.Einc through their points of contact, a negative current is alwayi pasaing in 
itfae opposite direction, or from the copper to the zinc 

309. The metals employed need nol be in actual contact in tbe fluid, lor if 
immiected by a cooduictor out of Ihe fluid, the effects above described nU 
plaoa. 
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This obndaotor may be a wire, or be consti- 
tnted by the plates themselves, by so inclining Fig. 216. 

them that they naay lean against each other, as in 
the maiginal figure, where c is the copper and z •!••—> 

the zinc plate; the dotted arrows representing ^ 

the direction of the fugatme, and the entire ones / 7 

tbat of die potiJtwe current / / \ 

That snch currents do really exist will pre- J I V--^.,^^ 

iSDtly be shown to be bejrond a doubt As a /^^^ / ^ A ^ \\ ^^ 
tolerably satisfactory proof, however, the well- v^fv/ /.A A-ii^ 
known calorific effects of electricity may be ob- l'^ — IT — \\ ^A 

served by separating the plates cz at the upper P"-/ J.. V"''\ ' 

part, and connecting them by a piece of very fine \ / / ^ \ \ 

platina wire, half an inch in length. This, if the \ / / .*An::t:-) \ 

plates be about fiwir inches long and two broad, v;* J 

wni become brilliantly ignited, from the electric 

discharge taking place through it, as long as 

ehemical action continues. In repeating these experiments, ordinary rolled 

zino may be substituted for the amalgamated metal, but the phenomena de^ 

scribed will be masked by chemical action ensuing at the zinc siirface. 

400. The electricity thus evolved, although weak in intensity, is considera- 
ble in quantity; and for many important experiments a pair of zinc and cop- 
per plates, excited by dilute sulphuric acid, constimte a valuable source of elec- 
tricity. These ekdromotony as diey are termed, are rtodily made by placing 
a piece of sheet copper, a foot long, and six inches wide, having a copper 
wire ibr a conductor soldered to it, in the inside of an earthen jar,- a piece of 
sheet zinc, nine inches long and six wide, furnished with a similar conductor, 
is rolled into a cylindrical form amalgamated (397). and covered loosely with 
a fold of linen, so that when placed in the jar, metallic contact between it and 
the copper may be prevented. The jar being nearly filled with dilute sul- 
phuric acid, the plates are inmiersed and the current of electricity evolved, 
directed by the conducting wires to any point the operator pleases. 

401. In all cases in which electricity is evolved by the chemical action of 
a fluid on one of two metals in metallic contact and exposed to its influence, 
it is necessary, as already stated, that one of the metals should be more oxidi- 
zable than the other, or, in other words, more positive in its electric relations. 
We may thus conveniently separate the metallic elements of a voltaic circle 
into a generating plate and a condttcHr^ plate. The former being alone active 
in determining the evolution of electricity, the latter acting chiefly as a surface 
on which the oonvective positive current may discharge itself. Unless the 
fluid in which the metals are immersed is decomposable by an electric current, 
it has not the power of exciting one ; hence it must be a compound, consisting 
of at least two elements. Thus, water acidulated by any of the mineral acids, 
or in which an alkaline salt is dissolved, is powerfully active in these circum- 
stances in evolving an electric current. 

A second zinc plate can never act as a conducting plate, because it will 
itself tend to generate a current which will oppose the first in direction. Ify 
however, a perfectly smooth plate of rolled zinc be used as a conducting plate 
to one of rough cast zinc, as a generating plate, a weak current will be evolved. 

402. Jr, instead of immersing the zinc and copper plates in dilute acid 
(397), they h&d been placed in water only, chemical action and evolution of 
electricity would have ensued, but with much less energy: the electricity be- 
ing evolved in very small quantity, in consequence of the very low intensity 
of the chemical action of water on the zinc. In a solution of cothmon salt, 
the effects are more obvious, the chloride of sodium being decomposed and 







the M^in thsBunemmiuisrMbwMftomlfaKCif tlto VMwbrbrdHMhM) 
atiA (3QT). 

The qnntiljr of eleotrici^ evDlred, inonuea wUi &e ncfsco piposEil E) 
tfia ofaemioal action of the fluid in whit^h it ii inuaerMdj and lienee gigBuiic 
pUtM hSTB boen oonatmcted Sx the pnipoie of obtuning an immanse quan- 
titf of electridtr, Mr. Pepyi had an eleeCiciiiiMr DMde Jbt the London Intti; 
tatiao, oinuisting of ■. oopper and lina plate, ea<di fl&j &)et long aiiij two v ' ' 
rolled into b. coil, with honsJiair ropea between Aen to prevent iheii u 
lug aaoh other. Abont flAf galkm of dilute acid were isquired u 
iheae plates, nod the tottanl of elealjrioitr endrad « - > - 

403. Bearing in mind, that the Moiatiiiii oT ' 
taon to the amoaiit of ohemieal aotion exetr * 
ploT^ and increaeea with the extent of ii 

oTioereanng the svolnttan of electticiqr to s conaidanblo *mo«M faf ■ 
amngement of apparatiu. It ii fixmd Aom aiperiiiunt that K 9t»)4 
■dvaiiage ii^insd bycaming theeomlnntingot 
the generating or positive, la ai to preamt a hl _ _ 

the l&tter, a Ibci depending in all pEobaUlitf tqwn die (noMr extBDtqfftii 
oonducting surface eosuiing the whole ofdieaTolTed iilwTiiiirj ■miiiiiIiHIIm" 
Ibrm nfactutenL For it ii f ulljr poanblB Ibr *a eaorawai quwut^ofelqe^- 
city to Im ezoited, and yet but little appear in the fimn of m onrrent, lUmt 
Dmu excenive Local aetiou or a tod ananfement of apFweoi*. Od iU> i» 
ooont, in all wetl-ooiutiiioted electroniobirB, die nno gt ■•yi'i"; rHlflfT* If 
plKed in the cautre with regard to the copper. 

It has been Mated that an iocriMe in ths mnntiiraf tbenatved ittgMlg 
«iuue« when either the zine or ooppet exceed eadoiliet in liit^ivid^tfte 
quantity of eiciiod electrici^ is a Dunimnni whan flie niBtali iiniim an e^jpl 
extent of eurroce. If the line plate bethe hugeatithe nwxinmm egeetla'wii 
(Q be obtained when il is teniQ times laiger than the cc^per ; and if the kHal 
be the largest plate, that the roaxiimun evolution of electrlci^ oocnrs when 
it ii liileen tiniES larger than the zinc plate. In the former esse the qnandtf 
of eteorricity is three, and in the laller fbur and a half timea greater than 
when the plates of copper and zinc are of equal size. Prof. DanitoU hal 
however shown, Ibat if the diameter of the mean Bection of the at^ve Said 
remains the same, and all interfering causes from deposition on (h&eond>Mn- 
ing plate be temoied, it matters but little, so far as the resulting current it 
concerned, whether tbe generating or conducting element is the largest. 

404. A convenient and certainly powerful arrangement has been proposed 
by Mr. Smee, consisting of two plates of amalgamated (397) zinc, zz, clamped 

to a piece of wood ■ by means of a bent piece of brass c, and 
Fig. 217. furnished with a binding screw at *. Between the plates of 
zinc is fixed a thin plate of silver connected at its upper eiid 
C *V IH ^ '"i'li another binding screw. This plate of silver is covered 
■' with a thin layer of platinum, by immersing it for a short time 

in a solution of chloride of platinum whilst connected with the 
negative end (390) of a voltaic batlety. Tbe platinum is de- 
posited on the plate in the Ibrm of a fine powder, and froc] 
the myriads of conducting points thus found by the inconceiva* 
biy minute particles of reduced metal, tbe evolution of tbe hy- 
drogen gas is greatly ikcilitated. An ammgeraentof this hind, 
placed in a pint jar of dilute sulphuric acid, becomes an excel- 
lent and efEcienl source of electricity, especially available for eleotro-magifetjc 
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4tUk In tiia ■rtUgMoentB oTappiuatbt tbove deacribed, a conildenble lou 
af •loolriaitr ODcnn during die erohitioa of iha hydrngBn. To pieveat ihi>, 
oeildn nlMiia hare been bad TMCune to, for the purpose of BbBoiUng the 
bfdragan tf ompIciTilw H to ndooe metallic Oilde*, ur by combining with the 
oqrfpaof any blf^ilf oxldiEed Said, ai nitric add. ir Ae plates of zim and 
wifi p rT, l liitlil nf hninj nrtnd npon hja dilate iKrid, be imineiBed in a solotioo 
"* ■"■ M of OOppw, dhoniical decfaraposition and coOaequent evololion of 
arfll DCCDT. No gaa ia in Ihii oa>e eyoETed, as the sulphate of oop- 
MdMompoaedj ibe aqlphnric acid and oxygen acting on the zinc 
g AsBi^hatB of msl lUeaU, whkih is diuolTcd bj the water; the cop- 
g dspoailBd, in b metollk: alate, on the anifhce of the copper plala 
Ibna du butay oi eleotromotot may be adVantageousl)' excited with 
KKM UB cti of anlpMaie of copper imtaad of dUute acid. 

Mb. Li all theta aRangemenb, boih plates are immersed in die same ex- 
ddag fluid ; bat cCosiderable advantage is gained b; employing two different 
Adds, nit modo ii fbonded on (kcts long known, but ilrst applied lo the 
MMtmotion of eleetiomotoTS by Frofbsaoi Daniell.* The theoretical action of 
ikaaa fenangamaDb is reediJj eipHcabla : let i be a 
TMaal flUad with a eolndrai of oommon salt (chloride 
of BOdfnni) ; * a tnba Immened thsieio, flimiihed 
at Be IcnrBi part with a diaphiagni formed of a piece 
of bUdsr, and fliled with a sointion of nilphats of 
flOppMl; t plue of copper o, conneoted with one of 
MB libf dMwiie D, an imineTsed in ihstwo fluids. 
Tlw gaiMiadng or positiTe element s dectanposes 
Iha dtloiida of sodiiun, imiting with the negative 
AlMua, Imning chknide of ziac, and repelling the 

elTC f^ht**, vrhidi paiBBs ibnmgh the bladder j 
blagln tllidsr the convectiTe inflnence of the 
aktbad muiant, to laach die n^atire plate t ■ here 

a of mlphate of copper, which it c 
i with the snlphoTic acid e ' 




,_ n tofenn nilphate of soda, and setting fMe copper, Dontaining ftee poil- 
dn tlaotrioity, which is given up to the plate o, and passing along the wire 
> to I, deocmpoddcn goes on ai befbre : the atoms of sodium and copper first 
M ftne^ an not those which are ultimately active in eOeciing decomposition, 
OT In faaint dapcaitad on die condnctiag plate ; ibe same series of molecular 
**—■ 'If— ocmr a* in lheeBsq<^thttdecomposiiionof hydrochloric acid alieacly 
ilaaoalberl (308). In this appaiatna, aiter the current has continued passing 
te a nflleient time, we shall Snd the fluid in i. convened partly into chloride 
c£sinD, and that in a Into sulphate of soda; whilst the beaatiful crystals of 
aeppat df^mtited on c, will be fbnnd to bear that relation to the quantity of 
■ino diaaolyad 10 fbrm the chloride, which the atomic weigbl of copper does 
to that of sino. If the wire s were cut across in the middle, chemici^ decom- 
[■■riTkwi and BTolntion of electricity would cease, until they were united by 
MJBC plaead in contact, or connected hj means of a good conductor, 

4OT. Aa in thia apparatos (40fl) the inductive action of the two plates on 
aaA oAm ii limited by. the area of the base of the tuba a, through which 
Blaaa a onnent can pass from Ihe genemting to the conducting plate through 
dia flpid, iho evdntion of electricity will be increased by replacing the tube 
■ bf a bag or reservoir of animal membrane, as bladder; and this consiitutes 
a bnn of nppaiatiis freqtiently employed. A piece of sheet eopper is Tolle<l 
iaw a eylindiio ibrm, and placed in a bladder fastened round its upper part 
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taining a ooncw i tTiB ejiiaizie nB cf mat liBa) • aaWtti 
win, or ocddDBtot, it nldend lo eMb phM. A MifariiM 
af««lpliate(rfocvpaiip(iandiBioliMHwklK,«^«Mf«r I 

laofemant Hk« ftoMte 
a ootBde of tha eopp**) i>UA ■»■ 
oeiaarilr produoa^ as hoftaaoi Ikoiall hu dmr^ a MMb 
kaaof powiri* ■ooo>JingJy. flw MwngiMMil Wd fcy*1 
gemlemau ooonm of a aylliiilaT <rf aBHlvBHtadnribii 
plaosd in the centre of B hcllow i^liadar ^wppM, a; tti 
firmer being aairomidad bf a bUM of ^OKfidle^ oi, vipt ' 
aiuiren the putpOM ooesdinA' w«n, a i^liiidiia bi| af 
compact ul-iilath, pretlaiiilj ao^ad in wittBt. nia mi^ 
ing flnid MctiDg on the riDO, is % t&iMnta of one peRlit 
phnrie aoid and ei^U of water, dis oi^tpet Of tinder Vtlkt 
filled with (he Mme mixture MMuntedtridi KilplMte of eg^ ' 
per. On connecting the two plate^ bj tneana of a win, 
the zinc plate decompoMa the water, its hTdtogea influenced by the oomw 
live force of the poaitijTe coiient paiaea throng die membnuooi bag^knmdl 
die copper plsEe, trhste it it not evolved, but aide the deoampcailkn of A« 
aalphnte of copper ; muting with the ozfgen of the ozids to ftna wals^ ad 
■ening free the oo^i ^a be depoaited in beantifiil oiyiiab, cm the MiiAna.«( 
the copper element. 

40S. The copper depoaitad in then ezpcnment* upon the ne^tlTa i4mli 
(bund, if the elecBio actioa be not too inteiue^ to be oompaot, ^m, and ana 
nwllBable; and on separating it from (he Burftoe on which it ha« bem de- 
poaited, il will be fbund to present s perFect fo&eimile of every mark and 
acratch Biiating on ihe anrfkceof the negatire plate. This h» led tt> the dit- 
oovery of the beajitiful art of Blectro()fping, by which exact notice of alnust 
anything whose surface is capable of being rendered a tolerable eondailai, 
may be made in copper. Many contrivances have been made Ibr the pur- 
poses of facililating (he deposition of copper from its solulioits, and will be 
found described in the numerous popular treatises on the auhject.t 'nie 
■implesl apparatus consists of an earthen or varnished wooden vessel, ii, 
divided vertically by means of a porous diaphragm, c, of wood or earthen- 
ware, thus funning two ceils; one of these, as ^ is filled with a very weak 
solution of common salt, the other, a, with a solution of sulphate of copper- 
In (he geneiatiug cell, x, is immersed a plate of zinc, z, connected by a wire 
with (he medal, Sec, lo be copied, which is placed in 
Fig. 220. ■. This medal should be coveted with a reainoas 

varnish or some non-conductor, except on the sur&K 
to be copied. An electric cnirent is soon set up, and 
both solutions are decomposed (406), metallic copper 
being deposited freely on the ihce of the medalj and 
when Ihe deposit has attained sufficient thicluiesa, il 
will, if adroitly removed from the surface of the metal, 
present a most accurate and'beautiful copy of the ori- 
ginaL It is scarcely necessary to say that fresh crystals 
of sulphate of copper should be dropped into the cell 
n proportion as the fluid loses its color by depositing its copper. 

t See Electrmjpe Mli"LpS(in., b/c- V." Walter 
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•In tliii mumer, hy ouaM numipulatioD, most accurate copies of engreved 
eopper platM oan be leadily made, and Uiose beautiful products of art be 
nroitiplied to an almost unlimited extent. Even the inoonceivable delicate 
mwnfgf of DagiMRe's exquisite pictures can be copied by the electro-type. 
Where tfae object to be celled it not metallic, it may be rendered a sufficiently 
good condnotor by oorexing it with a thin layer of finely powdered plumbago, 
■nd thus oasts made of wax or sulphur can be readily copied in copper. 

400l Bf fiur the most energetic voltaic arrangement in which the hydrogen 
it alMOcbed is that profMsed by Mr. Grove. Various constructions of this ex- 
MUent oontriTanoe are met with. They consist essentially of a slip of plati- 
mun-lbil r, laniished with a conducting wire ▲, immersed in a cylinder of 
poiODS enttfaenware, o, filled with strong nitric acid (sp. gr. L 33). This 
cflinder is s u rro u nded by a roll of amalgamated zinc, 
having m conducting wire z soldered to it, and placed Yig. 221. 

la an earthen cur glass jar b, containing dilute sul- 
phwiB aoid, (1 acid to 8 water.) The hydrogen 
■mwratH when ▲■ are connected from the decom- 
poaad water, is not evolved as gas, but combines with 
KNne of the oxygen of the nitric acid, reducing it to 
dftBtrnf** of nitrogen, which partly dissolve in the 
•rid, giTing it a green or blue color, some escaping, 
finning red fumes fhxn combining with oxygen of 
die air to form nitxous-acid. According to Jacobi, 
wiA eqnal surfaces of platinum and copper, the ap- 
paratus of Mr. Grove is about seventeen times more 
powodhl as a sonroe of electricity than that of Prof. Daniell (407). With a 
ailrio acid battery capable of being contained in a two-ounce jar, fine platinum 
wiro may be brilliantly ignited. 

Thib excellence of Mr. Grovels arrangement is owing, not only to the ab- 
■arption of hydrogen, but to the excellent conducting nature of the fluid em- 
pk^ad, and to the remarkable fiudlity with which nitric acid undergoes de- 




410. The expense of platinum is a serious drawback to the use of these 
•rrangements; to obviate this. Prof. Bunsen has proposed substituting cylin- 
dan cc platee of carbon for the platinum. He made these, by strongly and 
npeatedly heating a mixture of pulverized coals and coke, and thus obtained 
• porous mass capable of being easily worked into any required form. These 
flufaon batteries are said to be equally powerful with those of platinum. I 
find they may be constructed from the best black-lead cruci- 

talei after strongly igniting them for a short time. For this p. .^^ 
p uip oe e a cylinder of amalgamated zdnc, z, is placed in a ^' 
porous cylinider containing dilute sulphuric acid, and im- 
mefied in the crucible c filled with nitric acid; a wire 
floUed tii^tly round acting as a conductor. Such an arrange- 
Bent, although powerful, is, however, certainly far inferior 
to Mr. Grove's apparatus, probably on account of the earthy 
which is always present in these crucibles rendering 
imperfect conductcf^s. 

411. It is by no means necessary to use two difierent 
metoli to obtain an electric current ; for if but one be used whose surface is 
■o oonstitnted as to be unequally acted upon by the fluid in. which it is im- 
mersed, electricity will be evolved; the portion of the metal most acted upon 
becoming the positive element Thus, as we have already seen, a plate of 
rolled, and one of cast zinc, constitute an efiective voltaic arrangement (401) : 
M does also m plate of new dean zinc, with one which has been previously 
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ide by dilute sulphur 
ilpbatoof capper.&ceonMinilesttnoffectiTearnirgemenl. 
Lrta plHta of copper, a >, be placed ia a gloea TeBSel, 
and H saturated Eolmion of sulpbata oC copper poured 
in up to thu line en, bo that about one-ihird of lbs 
plats maj be immersed. On Ihe 3urrac« of ibii 
fluid slowly pour some very dilute Bulphario acid, or 
weak fall and water; taking care that the flaids do 
ncit mil. Dndar these circumslances the tipper part 
or the plale, i.. will be slowly acted upoa by the 
suiphnric noid ; the lower end a becoming the nega- 
tive demerit, deoom' toe! lion of Ihe Bulphaie of coppw 
slowly takes place, and Iha metal becomes deposited 
in a crysiBltne Ibrm, on that part of the copper plate 
a sulphate o[ copper. 

wires belonging to a single pair of p]ales be tumished 
s, and instead of being metallically connected, be ini- 
ilion B9 ilie plates themselves, no current will pask ■ 
The elecnicily excited in the cell x, will not hi J 
able to pass ftom f to p in the cell a, becausellit I 
current is too weak to oTercomo the afliiulies oT I 
the elements of Ihe liquid in n for each other, and | 
it cannot traverse the fluid save by effecnng 
moleculnr changes in the elemenla of the com- 
pound present We may, however, induce Iho 
current to pass, eitliec by replacing the fluid in • 
by one which ia more readily decomposable, 02 
by calling in the aid of the oflinity of the pasitiva 
cDtiducting wire for one of the elements of Iha 
li^iuid in B, 
To illustrate the first case, let a and aba both filled with dilute »n1phnric 
acid, and the current will not pass ihroagh a. Replace the contents of » by 
a solution of iodide of potassium, a salt of ready decomposition ; the cnrreoC 
will now readily pass, decomposing tlie iodide, evolving Iho iodine at lurhco 
of Ihe platina plate connected with the copper in i, and if a little starch bo 
added to B, the evolution of the iodine will readily be detected by the ibnna- 
tiOD of a splendid blue precipitate of iodide of amidine. 

The second case may be illustrated by tilling i and a with dilute sulphnris 
acid, and letting Ihe conducting wires be of copper, with tbdr naked lenni- 
nations immersed in i. The current will now pass, and bubbles of hydro- 
gen gas will be evolved at the end of the wire connected with Ihe plate i. 
Here, although the current pjr n could not effocl a Beperalion between the 
elements of ibe water in b, yet when aided by the afSnily of the copper com- 
posing the positive conilueting wire Ibr oxygen, it succeeded, in decomposiDg 
water and traversing the fluid. 

413. In ail these various modes, we are enabled to cause the evolulion oC 
electricity in considerable quantities, but in a state of extremely low tension. 
To Prof. Volla of Pavia, we are indebted for the discovery of a mode of in- 
creasing its tensile state, and by the contrivance of his magic pile, putting into 
the handsof philosophers an instrument of analysis and in vesligation, infinitely 
exceeding, in its wonderful effects, any of the means of eiperimenlal leseareh 
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Fig. 226. 
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baftra disoorend. OmittiDg the earlier experiments of Yolta, or the mode of 
reaioniDg by whioh he was led to this discovery, as out of place in a work of 
this datoriptkm, it^wiU be sufficient to observe that, by combining the action 
of leTeiml pairs of plates; an infinite increase of tension and power is gained. 
To imdmtaiid the oonstraction of the voltaic pile, place a plate of copper, 
c^ on tibe table^ and on this, one of zinc, z, A piece of 
tfaiek flannel r, moistened ^with a dilute add, brine, or 
even water, is placed on the zinc ; a plate of copper on 
thill and ao on; copper, zinc, wet flannel— copper, zinc, 
Ac, ontU any number of alternations are used. Place 

tha whole pile on an intuiated stand, and connect the 

lower plate e with the condenser (373), connected with 

an eleotiomiotor; the gold leaves will diverge with ne- 

piiviB electricity. Then connect the upper plate z with 

the oondenser, and the leaves will diverge with positive 

eledncitj. In an insulated pile of any number of al terna- 

tiona Ifae electric tension of each kind of electricity is ob- 

lenrad to increase fiom the centre to the extremities. 

414. If a pile or battery be constructed like the one 

€Dginnl]y contrived by Yolta, providing there are at least thirty alternations, 
•■d «ny person touching the top and bottom of it at the same instant with his 
■ohtened hands, the electricity accumulated at each end of the pile will dis- 
chufB itaelf through his arms, producing an electric shock. If a piece of well- 
bmit ohanxMd be placed upon the uppermost plate of the pile, and a wire 
conminnicatiDg with the lowest be brought in contact with it, a series of faint 
tgukM will become visible on drawing it over its surface. 

415. Tha sooroe of the electricity in the pile is easily traced to chemical 

■BlipD;' fiur in the lowest pair of plates in the last figure, the zinc is attacked 

hf ^ fluid in the wet flannel, electric equilibrium is destroyed, the negative 

ftdd enaping by the copper plate c to the earth, the })08itive being retained 

in the me. In the second couple, the negative electricity expelled by the 

chwninil action on the second zinc plate, passes to the first zinc, and restores 

in elootrio equilibrium by combining with the positive fiuid adhering to it ; 

iad these series of actions are repeated to the top of the pile. No greater 

fMiitite ofdmbridty being obtaxnedfrom a piU, than from a tingle pair of plates ;* 

ti tOMon akme beimg inatasedt as the chemical action and disturbance of eleo- 

^ flqnilibriom, in the intermediate plates of the pile or battery, are exerted 

Qoly iQ mrging on the currents to the terminal plates; thus, as it were, increas- 

!■! the momentum of the electricity evolved. The following facts will place 

^ flflects of the combinations of voltaic elements in a clearer light 

vlftte oonducting wires of a single pair (412) terminate in zinc and copper 
P*Mii^ the current either traverses or refiises to pass, according to their posi- 
tion' Thna, in the cells ▲ b, (fig. 226,) filled with a dilute acid, the zinc and 
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•e mDtmilljr connected ; here llie coTient excited by the adion 
, OD t is opposed in dirtiction to thnt eimilarJ^ excited in B. 
IB is, thai they mutually inteifete, and no circulating force ji 
inttesd of HllowinB Ihe cnrrenls in A nnd > to oppose each 
them to pB»> in llie same diieciioQ, (fl& 227,) we greatly in- 
omsfl'lhelenBionaf theemlved electrioily, and enable it to overcome a mach 
greaier exfBraai resisnuoe. Tbos, in the maiginal Rgiae the cuneula in A ind 
■ tnvel in the same direction, and as il were urge on each other, so liiat by 
thair comtuned influence they ciui tiaTerse a fluid which would insulate the 
current of a or m separately, 

i 1 0. The power of tlie voltoio pile decreases, and finally ceases, with the 
neuttalizBlion and evaporntioa of the tloid moistening Ihe piece of ilanoel, 
and with the oiidatkm of the plates. Those eonalitnle sources of eonsideit- 
ble inconvenience in experimental investigatkuu; 
to diminith which, various means have been pro- 
posed, aa by fixing the pairs of nine and copper in 
a trouEh of wood, and replacing the wet AeuidbI bf 
fiuida poured into Ihe cells thus (btmed : coneiiniiiii; 
Cruilrahanli's anangeraent. This is very conve- 
nient, egpecially when a solutionof solphaleof cop- I 
, per is nsed for the exciting fluid; "wiiich, at Dr. 
Fyfe haa ehown, incieassa the electro-cliemical in- ' 
- tensity of Ihe elcf ttio current as compared Witb that evolved by dilute ml- I 
phurio acid, in the proportion of seventy-two to sixteen. I 

A great improvement in ilie cousirucdon of these baiierieB was eflected bf I 
Dr. Williiason, who fixed the zinc and copper plates to a wooden beam, onf 
immersed them when reqnired for use in an earthenware trough, liiniisbod 
with {lartiiioria of the same sulMtance, and filled with the exciting fluid, Thii 
arrangement is rendered still mere elTecitvff by causing each zinc plate Vi be 
completely surrounded by the copper plato of the next pair, as eugeested \ij 
Dr. Wollaaton. 

Dr. Faraday has proposed an excellent" arrangement,* in which the nie»l> i 
are biought as close to each other as possible, the nUemate zinc and copper 
plates being aeparaled, not bypartidons of earthenware, but by pieces of tUnil j 
oarlridgejiaper oroard. 

417. A series of pairs constructed on Professor Daoiell's principle (iOT), 
■ftbtda a most valuable source of electricity of tension, and has, moreover, Iks 
advanlage of being constant in its action for several hours ; whereas, iheotbtn 
above meiitioned, although very energetic on die first immersion of the pistes 
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beoome npidlj wealcened by the oontinual action of the fluid employed, fin 
efibet bat partial]/ prevented by amalgamating the zinc plates (397). Ten 
pain on Piofoeaor DanieU's arrangement, the zinc cylinder of one being con- 
neoled to the copper of the next, and so on, constitute a most valuable and 
pp wgfli l TOltaio battery. 

418. A Teiy efficient arrangement is made by connecting in a similar man- 
ner, a docen pairs of zinc and copper cylinders, separated by means of blad- 
iler diaphragmff, the zinc being acted on by common salt, and the copper by 
•nlphate of copper ; this has the advantage of cheapness, and of being readily 

Fig. 230. 




Qonstmcted. The zinc and copper plates are most conveniently connected 
hf copper wires, fixed by a binding screw soldered to each plate, and con- 
ducting wires can be readily fixed to the screws of the terminal plates. 

419. As bladders and other membranous diaphragms have the disadvantage 
of becoming rapidly corroded, and pierced, by die action of the exciting fluids, 
And of becoming torn by the sharp edges of the crystals of metallic copper 
deposited on the copper plate ; various attempts have been made to substitute 
fir them cylindrio vessels of porous earth. Vessels of this kind have been 
Used hf Professor Baniell, and are now made sufficiently thin to prevent their 
opposiiig much obstruction to the transit of the electric current, so that their 
isse has beoome extremely general. As already stated, b£igs of firm sail-cloth 
^reU sewn, fonn most excellent diaphragms, and withstand for a long time 
the Mtioa of acids. 

430. The most powerful battery is made by an alternate series on Mr. 
Chrore's arrangement (409). Six sets of these, each having a platina plate 
three inches square, placed in thin rectangular cells of porous porcelain,' so as 
to bring them as near the zinc as possible, constitutes a most powerful and 
cflioient arrangement The largest hitherto constructed is that made by 
ProC Jaoobi of St Petersburgh; it contains platina plates, each having a su- 
perficies of 36 square inches. Even with very small plates, a powerful bat- 
tery may be made with very little expense. For this purpose procure the 
Ixjwlsof six tobacco pipes, and stop up the holes left by breaking off the pipes 
^di sealing-wax. Place on the table six small glass tumblers, each an inch 
liigh, like thoee osed by children as toys,' place in each a cylinder of amal- 
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gunaled sioc; le( ■ pipe-bowl res) in eiu>h, and place in every one a slip of 
thin pUUnum foil li inoh long and half an inch wide, cmueowd to the zinc 
cylinder by platinum wire; fill ilie pipe-lawla with nitric tirad and the turn- 
Won with dilute sulphuric Mid. and an energetic cnrrent of electricity will be 
«el fVee, capable of rapidly decomposing water (434), ignitine wire (427), 
chHTocal point* (4S3), &C. 

■iSl. It must not be supposed that all the eleetricity which is really excited 
by the chemical action of an acid or other fluid, or the generating or poaitire 
metal even in the beat arrangements, really appears in the form ot a current. 
Various causes modifying in a remarkable manner the quantity of electricity 
which appears in the current, eiisl in the best constructed apparatus. These 
have been mathemBdcally inveetigaleil by Professor Ohm of Nuremburg, and 
the results are developed in what is known as his formula. The accuracy 
of this has been anbmittsd by Professor Daiiiell, and in s most aucceaafnl 
manner, to the test of experimenlji. The (bllowing is a brief eiplanation of 
the simple portions of Professor Ohm's investigations. 

E ^ eleolrorootiva force, equivalent to the affinity of the eiciling liquid for 
the generating metal, and corresponding lo the amount of electricity whiidi 
woQld appear in current, if all opposing causes were removed. 

R =: reaiaiancB apposed to E by the contents of the cell, arising for ihs 
mostpiul from IheaiBiiily of die elements of tbo eiciting liquid for each other. 

11 = external resistance, arising chiefly from the imperfeotly condncting 
nature of the wires used to convey the current. 

a •= active force, or the amount of electricity which really reaches the eml 
of the conducting wire. 

E 

The theoretical value of E ia diminished materially in practice ty the 
affinity of the conduciing plate, for the ingredient of the exciting fiuid which 
tends to combine with the generating plate; this affinity, however weak, is 
still seldom absolutely null. The mutual affinity of the separated etemenls 
of the fluid evolved at the aurfacDB o( the plates al«i lessens the intensity ot a. 

The intoriial raBistance H, varies directly with die dialanee E, between the 
two plates, and is inversely as the area of the section s of the eiciting liquid. 
Thus, the real resistance ia equal to the former divided by the latter, or 



r, or the external resistance, so far as it is dependent upon the conducting 
wire, rartes iniwru^as the square of the diameter of the wire i, and directly 
■■ ill length I,' 0[ 



432. The conducting power of ir 



any hundred times more powerful in this 
respect than the best conducting liquid. The fallowing table shows the oon< 
ducting powers of different meials according to Becquerel, Ohm, and Lenz. 
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Copper 


100- 


100- 


100- 


Gold 






93-6 


57-4 


79-79 


Silver 






73-6 


35-6 
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Zinc 






28-5 


33-3 
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Platinum . 






16-4 


171 


14-16 
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15.8 
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17-74 


Tin . 






15-6 


16-8 


30-84 


Lead 






8-3 


9-7 


14-62 


Meionry 






3 45 
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Potassium . 
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423. Let the wires connected with the terminal plates of a battery (which, 
if ooosisting of plates excited by a dilute acid (416), should consist of at least 
Ibirty iMurs, each being four inches square ; or if the construction of Professor 
Danieil's arrangement, or any of its modifications, should consist at least of 
tan pairs, the copx>er plates presenting a siurface of about one hundred square 
inohea, or four or five cells of Mr. Grove's battery (420),) be connected to the 
two movable rods ab of the universal discharger (364), and having un- 
•erewed the knobs, tie on each rod, by means of thin copper wire, a pencil of 
-well burnt boxwood charcoal, or still better, of the plumbago-like substance 
found lining the interior of long used coal-gas retorts. On moving the rods 
of the discharger, so that the pieces of charcoal may lightly touch each other, 
• Tivid light will appear between them, igniting their extremities and heating 
tfko air 80 intensely that on allowing the charcoal points to be drawn a little 
distance from each other, the discharge will continue with a most dazzling 
light through the intermediate portions of heated air. 

If the apparatus be very small, as with a single trough on Wollaston's con- 
■tmotion, of ten pairs of plates, a piece of the charcoal should be fixed to one 
of the terminal wires, and the other having a piece of platina wire fixed to 
its end, should be brought in contact with the carbon ; at the point of contact 
a vivid dazzling light will be evolved, the platina wire will be ignited, and, 
if thin, melted into globules. 

424. The discharge of the voltaic battery and consequent evolution of light, 
either when charcoal or metallic surfaces are employed, does not take place 
at first without absolute contact Jacobi* carefully approximated two metal- 
lie pcnnts terminating the conducting wires of a batt^ of 12 pairs of zinc 
and platina plates, excited by diluted sulphuric acid, until they were within 
000005 inch from each other, and not the slightest evidence of the passage 
of electricity was observed ; the discharge being checked by the small interval 
of air. Professor Daniellj- repeated this experiment with his large battery of 
70 pairs, and found that no discharge ensued even on heating the closely ai>- 
piozimated electnxles to whiteness. On transmitting the charge of an electric 
jar through these electrodes, so that the discharge might take place at the point 
of separation, the battery current became established, and luminous discharge 
ensued. It is evident that the discharge of the jar produced a transfer of pon- 
derable matter from one electrode to the other, and thus formed a conducting 



• Fog. Annalen. 4t, 635. 
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423. 1'lie eroliiIioD of ligbl Aoet not depend upon Ibe 
combuBlkxi of charcoal tetminntiQg tbe coiulucting wim, 
for il will take place with equal splendor in an Bir-pamp 
vacunm. TLib tna; be sbown hj BiJowing the wire bold' 
ing one of ilie pieces of chorconl, lo slide Bi>tighl Ihrougli 
llie brau neck of a glass globe; s second piece being fixed 
to a wife, fastened lo the lower part, and connected with 
a biBfs cup >, On exhausliiig the globe of air, connectives 
the teimitMl wiies of the battery with the brsaa cups cs, 
and apptoiimating the charcoal poinlB sufBcientiy, an eTO* 
IillioD of intense and daizling ligliiwill ensue. 
These eiperimeDts are of the moet brillianl kind of any in experimental I 
■eience, especinlly when perfotmeJ by the aid of a large battery, as that be- 
longing lo Ibo Royal Instilutian, consisting of 3000 paira of plates, preaeniing 
VnactiTB surfoe* of 138,000 sriuare inches] or of tlie splendid buttery of 70 
pairs constrnetBd by Professor Daniell. In this case a very curious traaaftf 
of carbon from tLe positive lo ibe negative side is ohseived, ibe piece of chai- 
Ooal oonsiitulini the fmiDer prescoIin){ n conical cBrity from this loss of satr. 

426. Profeflsac Daniell* has also obicrred that when the negBlive elootrode, 
or the wire coiio«cled with the last xinc plate of the battery, is fumisbed with 
a teiminnlion of platinum, anil tlie positive wire with one of ebareottl; and 
tbe discharge of a powerful battery, as one of 10 alletnaiiona or tnuiamitled, 
an abundance of intense light and heat is evolved, and the carbon is carried 
fVom the positiie wire and deposited on the platinum point, bacoming beauii- 
fiiUy mouliled to its eilremii/. When this arrangement in reversed, particle* 
of platinum an transforreil lo the charccal terminating the negative wire, 
and are deposiled on its surfacB in the form of fused globules. 

427. If the terminal wiresof a voltaic battery beconnected by means of a 
flneplatina wire, anft the battery be sufficiently powerful, il becomes heated u 
redness, and even melteii. A small battery will beat a considerable quantity 
of wire of yJi, inch in diameter, a single pair of small plates igniting an 
inch ; and a hnttery consisting of ten allornaiions will heai to redness aboot 
eight inches. Tlic best moile of showing this experiment, is to roll about 
eighteen inches of wire into a long spiral, nnd place it in the interior of • 
glass tube ; its ends passing thnjugh corks, so as to bo readily twisted rooTid 
the terminal wiresof a bottery. If thecurrent be too weak to ignite tbe wire 
il will heal it sullicienlly to communicate a very high temperature ni the glass 
tDbe in which it is plAed ; bo tlial phospborus may be inBamed by bringing 
it in contact with its exterior. By immersing this tube in a small quantity of 
water, the latter may he speedily raised to the bolting point, the heat evolved 
Iht the passage of a current increases with tbe resialance opposed by the wire. 
Hence with different metals the heating power of a current trayersing them 
will be inversely as their conducting power (3ffl). When-lhe conductors 

■ of a voltaic battery are terminated by their metallic wires, and the latter placed ■ 
across each other ; the wire terminaiing the positive conductor becomes ignited 
and melted, whilst that connected with the negative remains comparatively 
cool; a fact which as yet has received no satialactory explanation. If thin 
metallic leaves be subjecled to the action of the current of the battery, they 
inflame and hum with considerable brilliancy. This experiment is best pei> 

• Phil. Trans., ie», p. 03. 
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ftnned by fiziiig m plate of polished tinned iroD to one wire of the battery, 
and taking up a leaf of any metal, oo the point of the other wire, bring it in 
eontaot with the tin plate. In this manner, gold bums with a vivid white 
Vi^tf nkwer with an emerald green, copper and tin with a pale Uuish, lead 
irith a purple, and zinc with a dazzling white flame. 

428. Under certain pecaliar circnmstances, the passage of electricity through . 
xnetalUo oonductors will actually reduce, instead of elevating their temperature. 
ThoSi if two bars of bismuth and antimony be soldered across each other at 
ni^t «"C**»«, and they be touched with the conducting wires of the battery, 
so tiiat the positive electricity will have to pass from the antimony to the bis- 
muth, the tensperature of the metals will be elevated; but when the current 
moves in the opposite direction, viz., from the bismuth to the antimony, the 
metals become cooled at the point of contact If a cavity be excavated at 
this point, and a drop of water previously cooled nearly to 32° be placed 
therein, on the current passing it will become rapidly frozen.* 

429. The positive conductor, whether of a single pair, or a series, constitut- 
ing die voltaic battery, is always that wire which is connected to the last ae- 
Hot copper or platinum plate, and the negative that connected to the last odtM 
lino. Much imneoessary confusion, with regard to the expression of the nega- 
tive or positive side of the battery has been introduced in many works, from 
the want of a rule like that given by Faraday, of connecting their sides with 
a given direction of the current Thus, in a battery constructed according to 
Cniikihank's arrangement (416), the positive wire orpo2e, is that which is 
OQimaoted to the last zinc, and the negative to the last copper plate. This 
diOference is only apparent^ as will be evident by referring to the original 
voltaic pile (413), when the wire from the last zinc is the positive conductor, 
fac this reason, that the last zinc is in metallic connection with the copper 
plate, next to it ; and hence, merely acts as a conductor from it, without adding 
to the power of the pile. Remove the terminal plates, and then all obscurity 
will vanish, for the positive electrode will be in actual contact with the last cop- 
per plate, as the intervening and nuuking plate is removed. In a Cruikshank 
trough, excited by an acid or saline solution, the positive electrode will be that 
whioh is fixed to the end, towards which aJl the zinc plates look : and the nega- 
tive, that fixed to the end towards which aU the copper plates look. 

430. In experiments on voltaic electricity, it is necessary to make a dis- 
tinction between the quantity and intensity of the electric current ; the former 
bearing, aeteris paribus^ a relation to the size of the plates, and the latter to the 
number of alterziations. A pile, or other voltaic arrangement of fifty pairs ex- 
cited by pump water only, will readily cause the gold leaves of the electro- 
meter to diverge, and will protluce a sensible shock ; but will scarcely decom- 
pose even a small portion of water in a space of time sufiicient, when the 
faatteij ii excited by an acid, to rapidly resolve the same quantity into its 
gaseous elements (434). 

431. A curious modification of the voltaic battery is found in those arrange- 
ments termed dry piles : these consist of a large number of alternations of some 
metal in a state of extreme tenuity, as silver, combined with one more oxidi- 
lable, as tin, and alternated with pieces of writing paper. The moisture in 
die latter substance appears to act as the exciting fluid on the most oxidizable 
metaL Thus, a pile composed of pieces of tin-foil and silvered paper, if con- 
taining about 200 alternations, will act powerfully on the gold-leaf electronaeter 
hf aid of the condenser. Tlie piles of Zamboni are the most convenient : 
these are constructed by pasting on one side of a sheet of paper, finely lami- 
nated sine, and covering the other side with finely powdered black oxide of 

* E. Lens, Einige Versuche im Gebiete des GolTanismai. Fog. Anna!, xliv. p. 349. 
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■as. Dn mliing dlmnni or this prepDml pspoi, and piling Ihrin upon 

cr. la Ihfl number oT lOOU, tating care lo press ibetn logether, a liitle 

,111 bo uhtainnl capable of liirer^ng tlie golil-leavea of Ihe cleciromeier 

' .exleniof balfBii inirbpOn toncbing iLt«ip with one end of Che appmatiis, 

^ A0 othrr being concecieii with the earth. WLib tbe aid of a cDudenser a pile 
of but 300 Bliemaiifnis will resdilj act on tlie eleatrometcr. 

TlieM dry piles continue in action during soFetal years, and are capable of 
fielding B ipftrk by means of the condenM'r. aliliough not the loinim shock, 
nor ibe sliithtesi evidence of chemical action has yet been obtained from thBoi. 
The electricdry ilicy yield appears to be of liieb lensioo, but eiliemely minute 
in quantity, and dimppenra aliogeiher when the paper discs bnTB tost all iheit 
bumiiUiy bf B|ionlBneoits evnporation. 

*33. A very tematkable ibrra of apparatna for the eicitnlion of eleotnc 
Oiirrenis has twen invented by Professor Grove. Il is termed the gas baitery, 
and consists of a »eiies ofplaiina plates covered with jais of oiygen and hy- 
drogen in the piDporlioo to fonn water. It has been long shown by Faioday 
llwt plaiea of plalina will greatly accelemie the comtannlion of these gases. 
Bf counseling th(> aliemate pinles, Profcssot Grove discovered tliat in pcopot- 
tion Bs slow comhinBtion by the includiid gases went on, an eilremely week 
but very distinct current circulated tluougb the appntstua, arvd which be guo- 
oeaded in increBsing in tension until it aflbrded a minate spsit and gave dii- 
tiiKl evidence of bring able to ciiect chomicat deooni position. A series of ten 
oelti is suflicienl to eihibit minute sparks and even slowly decoropose water. 
433. The following mode ofconslmcting this curious battery is rocommendeil 
by Professor Grove:— 




a glass tube wilb a series of legs attached to and opening into it. h 
nates at 1 in en opening closed by a glass stopper and at c with a funnel- 
like opening. Into eaeh of a series of glasses a, two plalina plates are fixed, 
one long and narrow, the other shorter and wider, the former being placed 
lower than the latter ; the wide plate of one cell is connected with the narrow 
one of tlie next by mains of a plalina wire. The glasses are then filled up 
to the top of the narrow plates with acidulated water. In the vessel i is a 
piece of zinc supported on a little tripod, and is filled with dilute sulphuric 
acid. The stopper being removed from the tube xc, the legs are imtnersed 
in the eells so (liat each narrow platinB plate may be inclosed in a leg, the 
wide ones being excluded and half exposed to the air; the liydrii^en evolved 
in the vessel « will nae Bnd fill ic, expelling the atmospheric air. The glass 
■topper i» Iheti to bo msetteil into ^, and lite generation of hydrogen will con- 
tinue until the piece of zino becomes uncovered with acid; then the narrow 
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■lips of )>Uuina will be exposed to an atmosphere of hydrogen in the legs of 
the tube^ the wide ones being exposed to the oxygen of the air.* A current 
of aleotrioity will thus be generated, the wire connected with the narrow plate 
ooavtjing negatiTe and that connected with the wide plate positive electricity. 
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Deampomtion of water, 434. Ozone, 435. Ehdrodu, 436. Definite nature of 
ekttnhchemical decomporitionf 438. Electrolytes, 439— Posi^e and negative 
dtmmtM of , 440, VoUa-ekctrometer, 441. Polarization of electrodes, 442, Elee- 
tnlyiis 6y si$igk pairs of plates^ 444. jSpparatvM for, 445 — Reduction ofnU" 
toBie §aU$ by, 44i-^Of silicon, 450 — Of potassium and sodium, 451 — Of am- 
momum, 453. EUctrohfsis by machine electricity^ 454. Evohttion of electricity 
during dmnical combination, 456. Electrolysis of salts, 458. Professor Da^ 
uidPs vkwoftheekdrolytic constUutum of oxy-saUs, 459. ResiUamce of chemical 
affieuty ta eUdnilysis, 460. Dr. Faraaay's view of the quantity of electricity 
evohed during chemical deconqfosOum, 461. 

434. Gunve learnt that the electric currents excited by chemical action 
may be made to circulate through conducting wires, and their force thus 
bfooght to act upon any compound body they are capable of traversing, it be- 
comes necessary to investigate somewhat in detail the peculiarities of the 
change effected in compound bodies thus traversed by the currents, and study 
the phenomenaof their electro-chemical decomposition or electro-lysisjf as Dr. 
Fbiimday has termed it 

Let die terminal wires of a battery, consisting, at least, of eight or ten pairs 
of plates, in good action, be placed in the cups ab, containing a few drops of 
meicary, and communicating with the platina plates pp. llie tubes oh are 
filled with water rendered conducting by the addition of sulphuric acid, and 
inverted in the vessel x, filled with the same fluid, over 
the platina plates pp. Directly connection is made with 
the battery, the platina plates will become covered with 
babbles of gas, which being evolved, will rise in the tubes 
SB, in miequal proportion, rather more than twice as much 
gat bsing collected in a given time, in one tube than in the 
other. This gas consists of oxygen and hydrogen, the 
fimner being evolved at the surface of the platina plate, 
where the current of positive electricity enters the fluid in 
B, and the hydrogen at that surface where it leaves the 
fliud. As these gases are evolved from the decomposed 
water, their volumes ought to be to each other as two to 
one; the reason why they are not precisely in this propor- 
tion, is to be found in the partial solubility of oxygen in 
water; and hence, its real volume is rather less than it 
would be, if this source of fallacy were absent. In this 
experiment, the gases are evolved from both plates, simul- 
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uljr ; nod. Bill ougl" ■' *«eh insnnt, but a single awm of wstec U deooni* 
tlie hjclioge i bring evolved Trom one, and iu oxygen fVom Ibe other 
.B guea ttit not obsTrvecl lo pass from » lo r, Iho fluid between (hew 
u being (tee from bubbles. This circumsiance mny be eipUined n 

_„ itMiiniilBT tothiU in wbichtheeleclroljrsisof bydrocbloric ncid hu besB J 

(SOB) ; lei Ihe Iwo platina plalea be repreaenled hy the letters m, the ibniM I 
being tbal at whidi positive electricity is 9Di)p03ed to enler, and ir that wludi I 
il leavea the acidulated water; tacn are supposed lo be Ibiir atoms of w«l«i j 
lying between the plates, fh, each connstiug nf an atom of mygen o, and om 
of hydrogen, h. 



r ... OB, OB, OH, on, ... X 

The patitive electricity entering tlie Quid deconiirases Ihe atom of wslci 

J, with Ihe evolution of oiyneHi and cau the hydrogen lo press towards 

m; and this being carried forward by the, lenceof tlie ciirrcDt, decomposei 
the Blom I, unidng with its oxygen, aoi^ 'IHng its hydrogen, which, in its 

tiun decomposes ihc atom c, and so on; t, the hydrogen of the atom s a 

wl free, and is evolved at Ihe surface ol late a, as the positive olectridtyi 

fay whoso influence the decotnxKisition ( iloms ircd was effecied, lesvei 

the fluid Bl Ihia point A similar explain is applicable to other cases, ia 

which electrolytes (439) being decompo he elements are evolved at dii. 
iBJit portions of the fluid traversed by Ihi rent. 

435. During the decomposition of the .. ....jr by the voltaic current, a pow- 
erful phosphorus-like odor of omini (331) will be evolved. The evolution of 
this matter, presumed generally lo be a ttlloxide of hydrogen, has been already 
noticed during the action of the common eleotrieol machine. The odor of iMa 
ataiu baa been long recognized, but it9 cause was only lately traced to the fbrtn- 
Btioa of a pcEUbor compound by Professor Schunbein of Bile. The aaine 
aubetance is evolved under many oilier circumstaocca, as when a sticit of 
phosphorus is allowe{l to remain for a few hours in s large glass bottle full of 
iDoisi air. Ozone acts on iodide of potassium, like chlorine, setting free the 
iodide. Hence a piece of papej moistened widi a miied solution of iodide of 
potassium and starch turns blue when exposed to its influence, and thus be- 
eomes an excellent test of its presence. 

436. The termlnalions of the conducdng wires of Iha bnitery, which, in the 
above experiment are the plfites rr, conaliuite the points, or doors, at which 
Ihe electric currents from the battery may be supposed to enter iha floid ; and 
hence, have been aptly termed bj Faraday, tteetreda/' that at which the 
positive electricity enters ihe fluid is termed the poMttwt, and the other, or that 
by which the negative enters, is termed the ntgativt electrode. The term 
poles, was formerly applied lo these electrodes, imder ihe supposition that 
they decomposed fluids by tbeit attracting llie separated elements towards 
them, an idea now fully proved lo be incorrect, as they invariably move from 
one electrode to the other, under the conveolive influence of the passing cup- 

437. If, instead of platina electrodes being employed, the copper wires 
themselves be plunged in the dilute sulphuric acid (434), water is, as betbre, 
decomposed, hydn^en being evolved at the negative electrode ; whilst at the 
positive the oxygen combines with the metal of which the wiie is coiiipoeed, 
Ibrming an oxide which dissolves in the acid present. 
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■ 438. If Mveanl pieoes of appaimtoi tot the decomposition of water (344) 
be wmiifedtn that tha correot of a battery may pass through each in sucoes- 
iioot tha qaantity of gases evolyed in each will be found to be precisely equaL 
Andy if the onneot, besides passing through one of these pieces of apparatus 
ia made to travena a metallic solution, as sulphate of copper; the quantity of 
oopper precipitated in a metallic state, will bear the same relation to the 
qaaDtitf of oxygen and hydrogen collected, as their atomic weights do. Thus, 
a curroiit of electricity capable of decomposing 9*01 grains of water will de- 
oomposa 98-78 of chloride of sodium, 163-28 of acetate of lead, 7988 of sul- 
phate of copper, &c. This arises from the definite fuUurt of electrochemical, or 
tkttrvt^ deeompontion, a fact first demonstrated by Dr. Faraday.* 

439. Compound bodies, capable of being decomposed by the agency of elec- 
tric currents, are conveniently termed eUctrolytes.'f Before an electrolyte can be 
deoompoaed, it is necessary that it should be capable of allowing induction, 
add cooteqaent conduction to take place through it ; as the latter cannot occur 
in the great majority of cases, whilst the electrolyte is in a solid state, it must 
be diasolTed in watei^ or fiiaed, in which state it generally readily conducts 
die onmmt Thus, the chlorides of tin, silver, and lead, are readily decom- 
pOMd when the current is transmitted throu^ them, whilst they are in a 
ihtfa of fusion. Some compound fluids exist which refuse to conduct the cur- 
nnta and therefore are not electrolytes, as a solution of pure ammonia ; a few 
odier ooodnot it readily, and yet can scarcely be said to yield to electrolytic 
iMoe; of this class snlphurio acid is an example. 

440. When various dtdrolyteg are submitted in a dissolved, or fused state, 
to die actioo of the current (xom the voltaic battery, the electronegative elements 
aie in wiab^ set free at the electrode where the positive current is supposed 
Id enter the fluid ; and the potitive elements, where it leaves it. Thus, if 
oUoride €if aodium, iodide of potassium, hydrochloric acid, sulphate of copper, 
^imte of lend, or fused chloridiB of lead, be submitted to the action of the current 
nmllaneonsly, by placing them in vessels connected by platina wires dipping 
ilpeeoh; the chlorine, iodine, sulphuric, and nitric acids will be set free at that 
point where the positive current enters the solutions or fused mass ; whilst at the 
eleoirode where it leaves them, the soda, potassa, hydrogen, copper, and lead, 
will be developed in an isolated state. The evolutions of the elements of the 
tleetiiolyte bearing a current relative to the direction of the currents traversing it. 

.44L Ab the only true test of the powers of a voltaic current is its electrolytic 
power, the volta-meter or volta-electrometer, as it is termed by Dr. Faraday,^ 
b eeom e a a valuable instrument in giving an approximate measure of the 
power of a batteiy, or pile. This consists of any apparatus, in which water is 

Tig. 235. 




<* P1iiloso|ihie«l Transactions, 1834, 7th Series, tection 7. 
t l^savffv, wd Xwt, «>1to. 
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Mod to (he v\Km of ilie cnnent, ro lliBt ihe ga^es ii 
' iTiny bt iiiMBDrwI. A con»cnieni form orilira ioshu 
tnu-l, 1. 1'rineniFd InlD a wooden bow. having iwo 
g into ii» iiilerior, POnneeied by viiret wiih cupi or L 
^ iflBit vt>tp\ briDK fllLeil wiih dilute Bulphuric ai^id, has a bent giBs luta 
sing Ihioogh a cork flied in iw mouth, so as to convey ihe gaaes evolvtd 
into a graduated tecriver, Uanding in a pneflmBlle 
Irough. A volta-eleclrometer mny be readily an- 
■trucied by filing Iwo pieces or Ibii^lt platina-roil into 
■ good cork, ao as to dip into ibe inlerior of a nnUl 
u*iil?-nioiithed bottle; wires paesing frotn ibesepiem 
will enable tbem to be connected witli any appara- 
tus, and a bent tube pnssing Ibrough Ihe eoric will 
cBfry off the gases 'o be measutetU The charge of 
theje rolta-electmt Hera should be one part of inl- 
phuHc aeid diliilet! with ei^hl of water. 

4i2. The platinb electnides employed loeScct the 
ilpcotnpwiiion of water, assume peculiai propeniei, 
ly wliieh, on being difconnecied with the taiteij, 
ilicy develop a secondary current pnasing io a direty 
dull opposed to ''"l of the battery current. Thii 
may be delected onnecting Ihe cups ■ of a Toltn- 
electrometer (44 after removing the battery wire, 
with a .If licale ini.,tiplier,'the needles will imme- 
dlately naverse, from the action rif this sewKidary cutrenL The electrodes 
do not losB this property entirely, by pouring out the acidulated water io 
which they are immersed, and replacing it by fresh, ot even by washing them 
with hot water. If a rod of amalgamated line be plunged into the acidn- 
hted water contained in a volla electrometer, whose platina plalea have been 
previouBly connected with a voltaic battery for a few minutes, and wires 
twisted round its upper end be conneeiod with the two caps a, deeomposi- 
lion of water will, of course, ensue, and hydrc^en will be evolved from both 
platina plales,b„t in 




s 1 hav 



This 



polarized condition ofthe elerlrodeii, in all probability arises from thejbiifion 
of small portions of oxygen and hydrogen on their surface, a view toutitS' 
nanced by the eiperiments ol' SchQobeio.t who has found similar properties 
to be assumed by platina plates afler immersion in oxygen, chlorine, bromme- 

443. It is necessary for the whole electrolytic time of a voltaic coinnit U> 
be effectually excited, that all partsoflhe circuit should be fornied of aa good 
conductors as possible, as the amount of decomposition is in a ratio to the 
bcilily with which the current iiasses. Hence, a Quid not readily acted upoa 
by a current in its pure stale, often readily yields to its influence, when mada 
Io conduct it more readily: (bus, pure water conducts badly and is decomposed 
with eitreme slownessj on the addition of sulphuric acid it becomes aa »*• 
cellenl conductor, and is decoinposed with facility. 

444. Although compound batteries have been referred to in the above re- 
marks, as necessary to produce chemical decomposition, yet it must not bs 
supposed that they alone are eScacious; for a single pair of plates properly 
comlriKied, is capable of effecting, by the current evolved, most impwtant 
decomposing actions in boities whose elements are beld together with the 
greateel force. Dr. Faraday decomposed iodide of potassiuin (a salt oapablB 
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of very rtmdj decxMnpositkm hf a small force), alkaline chlorides, and 8ul« 
phatei^ bydioobloric aoid,Bnd even water, by the aid of a single pair of plates 
(406). M. Beoquerel,* by availing himself of weak currents, aided by ** af- 
flnitiM well chosen," succeeded in effucting the reduction not only of the more 
mdiljr radncibleoiides of copper, lead or tin, but even 
of the refractory earths gliicina, alumina, and silica. Fig. 237. 

This phiioeopher obtained these interesting results by 
meuM of a single pair of plates, placing the solution of 
the metallic salt in a glass tube a, closed at one end by 
means of a plug of moistened clay, and immersed in a 
weak solution of common salt : on placing a compound 
metBllio arc formed of zinc and platinum in the soiu- 
tione in sooh a manner that the platinum leg p might 
be immersed in the tube containing the metallic solu- 
tion, (to which M. Becquerel applies the general term 
of ''negative tube,") whilst the zinc dips in the solution 
of sale, decomposition ensues, and aAer a lapse of time, 
varying from a few hours to some weeks, the metal is 
ffsnearally deposited from its solution on the platinum plate in a more or less 
eijsialineifiiinn. M. Becquerel did fK>t attribute the reduction of the metal to 
Ike aleotriD current akme, but conoeiyed that three distinct causes, at • least, 
ooBfl uri a d in producing this effect : the decomposition of the water and the 
flommoD Bah by the electric current set in motion, and the transference of hy- 
diQBBa and soda through the clay diaphragm to the negative tube, where the 
alkali unites with the acid holding the metal in solution, causing the deposi- 
titn of its oxide, which, while in its nascent state, is reduced by the hydrojren, 
■ad preoipitateil in its metallic form on the negative electrode ; thus regarding 
tfw hydrogen furnished by the decomposition of the water as the actual reduc* 
lag agent In some cases, a fourth cause is supposed to be superadded to 
Ikesa, as when a body is used for the negative electrode, for which the metal 
in safatfioo has a eertain degree of affinity; a well-known example of which 
is Ibond in the redncti(H] of potassium from a solution of potassa when sub- 
mitted lo oomparatively weak voltaic action in contact with mercury. Mer- 
CB17 is not the only metal applicable to this purpose, M. Becquerel having 
fraqnently used iron with success. He found that the solutions of the pure 
flhlorkles of siroonium, glucium, titanium, silicon, &c., refused to yield to the 
ladnciDg action of weak electric currents, until afler the addition of a small 
q aa ntiiy of chloride of iron: this the current readily decomposed, precipitating 
Ae inm in a orysbline form on the platinum plate, (negative electrode,) 
whioh deposit speedily utdueu the commencement of the decomposition of the 
mote refractory salts. This circumstance he attributes to the affinity of the 
inm for the other metal tending to the formation of an alloy, and expressly 
Slues, that when ptrftethf jnart the above-mentioned chlorides did not undergo 
tki al^lkiat dtam^fotititm. 

445. From a series of experiments on this subject, it appeared that the 
muuU iiif of electricity was not so essential as a continuous weak current, and 
1 was induced to prefer the following apparatus, (which aAer all is but a 
slight modification of Professor Daniell's,) in consequence of its affording a 
oonsiant and regular current of electricity of very weak tension, continuing 
for several weeks or even longer without any fresh addition of exciting fluid. 
A glais cylinder n, I 5 inch in diameter and 4 inches in length, was closed at 
one end by means of a plug of plaster of Paris 0-7 inch in thickness if this cylin* 

• TnM de PElectiicittf et da Magn6tisine, vol. iii. p. 238, et seq. Paris, 1835. 
t PhiL Trans., 1837. 




der was Bxed by means of corke inside a of liodrica] gloss venel a, atml t 
incbeB deep and 2 inches in dismeier. A piece of shest copper, 6 intbm 
long opd 3 inches wide, (having' a copper condocdng wire r, aoldeiad ID i^ 
and loosely coiled np, and placed in Ihe small cylinder wiih Ihs plaHei ht- 
tnm : a piece of sheet zinc i, of equal size was also loMely roiled op^ ui 
placed in the larger extemal cylinder (being furnished like the ooppeppWi 
with a conducling wire a). The larger cylindrical glass being then nartf 
filled with weak brine, and tbe smaller with a salurBled aolutioa of niptasa 
of copper, Uie two fluids being prevented from mixing by the plaster of Psn 
diaphragiQ, the apparatas ia complete ; and if care be taken that Ihe flaids p 
the two i^liiulers are at the same level, will oontinDe to afibrti a ooDiiDOcai 
current of elecCricily for some weeks, the sulphate of copper beiog Terysbvlf 
decomposed. 

446. If the ends of theconduclingwircsof this apparatas heimmenediM 
a solution of nitrate or aceialeof lead, no wwKdiaft aciioa ensues, but inalM 
fifteen minutes, or even lesa, some elegant and delicate feathers of mMalliD 
lead, wliich rapidly increase in size, appear at Ihe negative electrode. Tliii 
effect does not occur when both conducting wires are of platinum ; but wbei 
tbe negative electrode only was composed of that metal, the reductioa of tbt 
lead contioned with apparently increaseil energy. From Ihete ezperimenu, 
as well as many others of a similar kind which it is unnecessary to detail,!! 
appears that in availing ouselves of the rtdudng agenoy of feeble aarniBta,iii 
Bt least of those elicited by a single pair of plates, it is neoessary that tW 
positive electrode should be composed of a reaitily oxidizable metal: ihw 
using a kind of battery of tim cells, in which tha wires fbrming the elacniilw, 
•Dd tbe fluid submitted to experiment, cooatitule the ccmlenti of the saooad 
eelL 

447. But few metallic aolationi yield so rapidly as those of lead to tha re- 
ducing agency of weak currents: and where a longer time and coatinuaitce of 
iKtIon is required to eflect tbe reduction, Ihe decomposing appnratos of M. 
Beoquerel will be found a necessary addition to tbe little betterj, with lbs 
substitution of a plug of the plaster of Paris for one of clay. This piece o( 
apparatus is, in fact, a counterpart of tbe battery itself, and is lepresantsd is 
the last fi){ure connected to the wires rs; it oonsists, like it, of two gbM 
cylinders, one within the other, the smaller one having a bottom or floor of 
plaster of Paris fixed into it: this smaller tnhe may be about half an inofc 
wide and three inches in length, and is intended to hc^ the metallio lolutiaa 
•ubmilted to experiment, the eilemal tube in which it is immersed, bainf 
filled with a weak solution of common salt Into the latter solution > slip 

nated zinc, (Ibr the positive electrode,) solds[«d to the win oomiql 
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fitni the oopper-plate of the batteiy, is immersed, whilst for the negative 
electrode a slip of platina-foil, fixed to the wire from the zinc plate of the 
Wtterjr, passes through a cork fixed in the mouth of a smaller tube, and dips 
^Dto the metallic solution it contains. 

448. When a solution of the chlorides or nitrates of iron, copper, tin, zinc, 
l^muth, antimony, lead, or silver, is placed in the smaller tube, and con- 
nection made wiUi the apparatus in the manner already described, action is 
almost instantly apparent, water is decomposed, and torrents of minute bub- 
bles of hydrogen are evolved at the surface of the platinum plate (negative 
electrode), which generally continue for a short time, sometimes, indeed, 
lasting for hours; a circumstance depending apparently upon the degree of 
iiuality with which the metal under experiment is reduced. Thus with so- 
lutions of copper, scarcely a bubble appears, the metal being almost imme- 
diately reduced, idl the hydrogen being probably employed from the instant 
of completing the circle, for that purpose: with solutions of lead, tin, or silver, 
the evolutioD of hydrogen continues for a short time only, and ceases as soon 
•a the minutest portion of reduced metal appears on the platinum plate ; but 
^rith aolations of iron and manganese, the evolution of gas frequently con- 
timiei for six, eight, or ten hours, or even longer; the evolution of hydrogen 
IhiM mftming to bear something like an inverse ratio to the ease with which 
metal is reduced. AAer the hydrc^en has ceased to appear at the negative 
•leatiode, striss of the reduced metal, which rapidly increase, are deposited 
cm the surface of the platinum. 

Hie metals thus reduced generally, but not invariably, possess a perfectly 
melallie Instre, are always more or less crystaline, and often very beautifully 
■0^ aftNrding a considerable contrast to tlie irregular soil spongy masses ob- 
tained ftom the same solutions by means of currents from compound batteries. 
The eiystals of copper obtained by the process just detailed, rival in hardness 
■ad malleabiliiy the finest specimen of native copper, which they much re- 
. ifmble in appearance. The crystalization of bismuth, lead, and silver by 
theaa means, is very beautiful, that of the former being lamellar, of a lustra 
appicxusbing to that of iron, but with the reddish tint peculiar to this metal. 
Bilver may be thus obtained of a snowy and indeed dazzling whiteness, usually 
under the form of needles. 

449. The metallb solutions hitherto mentioned as yielding to the action of 
weak currents are, as is well known, equally acted on by voltaic batteries, 
eooaisting of a considerable number of alternations, the metal being reduced 
in a fpongy form, (riten destitute of a metallic appearance. But there are 
aome metals whidi are deposited from their solutions as oxides only, when 
■Clad on by currents from large batteries, and yet are deposited in a brilliant 
metallic form if submitted to the action of the currents from the little appap 
ntm already described. Of these nickel is an example: a solution of its 
ohloride or sulphate, when placed in the smaller tube of the decomposing ap- 
paratus, yielding aAer some hours a crust of metallic nickel on the negative 
electrode, often of a silvery lustre on the surface immediately applied to the 
platinnm, that portion of the crust more in contact with the fluid being gene- 
lally black, and frequently covered with a layer of hydrated and gelatinous 
graen oxide. 

450. For the reduction of silicon, let a solution of fluoride of silicon in al« 
eobol be prqaared, by passing a current of the gaseous fluoride into strong 
alcohol. On filling the decomposing tube with this solution, and making the 
eooneotion with the battery in the manner already described, bubbles of hy- 
dmfen were copiously evolved at the sur&ce of the platinum plate (negative 
electiode), continuuig ftom eight to ten hours, when the platinum appeared 
to be tarnished, and in twenty-four hours a copious deposit of silicon had takei^ 

20* 
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I on the plslinum, to Ihe nirfhee nr which if firmly adhered. Around 
eduoed siliain, and BDSpended in the fluid, waa a dense geJatiDona i:loiid 
licic aoid. On quieklj' withdrawing the »iip of piatinam, dipping il is 
wBiEC, and tben piosBiiif; ii between fotda oTbibulotis paper it was dried, lui 
froed from any aiihering solulion. The silicon was nearly black anil gianiilir, 
under a lens, eibibiltoB a lendency to a ciysmline form. It was not depft' 
(ited on the plititiiim in a cooruged and irregular maiuier.bul in longitudiul 
alris, wliich appeared to follow [be direction of cerwin lines of minute mh 
neooegon the aiirfaceoflhe piece of platmum, produced appBrerrtiy bjBCnuroj 
it wilb fine sand and a piece of cork before being used for the constiactiM 
of Ibe negaliie electrode. 

The silicon thus procared become! of a stmw)' whiteness when ignited ta 
the Oame of a spirit lamp, and Inlts off the piaiinum in tliin flakes, beingiit 
fcot oonTened iuto silicic acid. It ii not very easy to oxidate the wliole, b> I 
ootuequenee of the flakes of ibe acid (on ' ig an iDBructtilioii over the enb- ' 
jacent silicon, and proteclinif il from the o laiing influence of the air, em 
el a red heat. A portion of tlie ailioon rB.~-fd fiom the platinom did notip- 
pear to dissolve in hydrochloric add; hut when Ihe platinum itself w-iTh tbe 
flnnly adhering silicon was immersed in iJ"' acid, slow ai'tion ensued. hubUw 
of hydrogen being evolved from Ibe arp </ na/an o/ p/atiniun, the eiiiniii 
very slowly disappearing; the aoluiion 1 ng probably occasioned by the 
fiirmatjim ofa gimple voltaic circle, the aii---o arid platinum being Ibe melel!, 
mad the acid the exciting fluid. When |iieous solulion of bydrofluosilicie 

aoid is substituted for tbe fluoride ol m, the metalloid is reduced, h«I 

■lower and in smallei quantity; diflereiii:^!, arising in ail probabiliiy from lbs 
Mtialler quantity of silicon present in ihe solution. 

4S1. Polassiumand sodium can be readily reduced by these weak currenlsaid 
oblained as amalgams by using a modification of Ibe decomposing npparatua 
beibre described. Let the smaller lube conmininf' the metallic solution be re- 
placed by B small ^lass funnel i, tbe beak of which hst 
Fig. 239. been carefully filled np with plaster ofParis r fix on this 

y^~^ plnslor floor a piece of glass tube closed ai one enii, 

/ ^y^ abnut D-S inch in length and 0-2 imA in diameter, and 

^y t half filled Willi pnto mercury; this tnbBshould not be 

KZ^^ placBd vertically, but inclined So as to form nn angle 

^■rl ofaboiu 40° with Iho plaster floor of the funneL 

■ J The external cylinder communicates as before with 

/x the copper plate of the battery, by means of a slip of 

■-' Cj amalgamated zinc *, dipping into Ihe brine it conlnins: 

' ^^^""A a solulion of chloride of pomssium is to be ponred 

Aa zinc plala of Ihe bsttety being twisted into a flat spital at one end so ns 
10 prcBenl a larger surface, immersed in the mercury contained in Ihe linlo 
tube sobmerged in Iho saline conteniB of the funnel. The circuii being thus 
completed, eleclric aclion soon beconies apparent, bubbles of hydrogen being 
evolved from the surface of Ihe mercury (wliioh now formed the negative 

large and distinct bubbles, which very slowly appear, and perfbtm several 
grnlory movements OD the surface of the fluid metal before they are evohred. 

Not unlVequBntly a sin^e bubble only is seen, which contioues playing ou 
the Butfhce of the mercury fbr half an hour, or even longer, before il liaea to 
the surihce of tbe fluid. In about eight or ten hours the mercury -will have 
swollen lo double its former bulk, and part of it actually crept up the pla- 
tinum wire to the height of 0'3 inch above Ihe level of Ihe other portion, ad- 
iMtit^ to the wire like so much tenacious mucilage. This peculiar raeoping 
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vp of the meroarf along the wire does not, however, take place if the little 
tube Ikolding the flnid metal is placed h) a vertical position. If the mercury 
be removed from the little tube as quickly as possible, and poured into dis- 
tilled wiUer, an evolution of hydrogen gas stakes place from its whole surface, 
and the water becomes alkaline from the formation and solution of the oxide 
of poCaasiom or potassa. The film of mercury adhering to the platinum wire 
leoiains on it for some days, giving it the appearance of having been amal- 
gunated. 

493. Of all the saline solutions that I have submitted to experiment, none 
■flbffdud tnch conclusive and interesting results as those of ammonia; the 
oompomid ow monu i m being reduced with almost as much ease as copper or 
tin, when a solution of the chloride (hydroohlorate of ammonia) is submitted 
to the action of the voltaic current in contact with mercury, in the same manor 
M ohloride of potassium or sodium. The same adhesion and creeping up of 
the Dieioury along the wire is observed, and after a few hours the fluid metal 
iwells to five or six times its former bulk. On removing it quickly and dry* 
Sqg it, fagr allowing it to &11 on bibutous paper the amalgam of ammonium is 
_ ofaMdned of a buttery consistence, possessing a dull silvery color, and yielding 
' a paouiiar crackling, or (if I may be allowed the expression) an emphysema- 
laas lenflation to the finger on pressing it ; on being immersed in water it 
vny fliowly gives off hydrogen, and yields a solution of ammonia. 

459L By Sn the most satisfoctory method of obtaining this amalgam, is by 
Miiig fiur the negative electrode a piece of platina wire coiled up at one end, 
■fier it bat been amalgamated by dipping it into the ammoniacal amalgam 
**^in'^ by the last described process (452). A minute quantity of mercury 
is dnis made to adhere to the wire, which being connected with the zinc side 
of the battery, is dipped into a solution of hydroc^lorate of ammonia contained 
jki (he smaller tube of the apparatus used in effecting the reduction of silicon- 
(4JK)). The ciiGoit being completed, a few bubbles of hydrogen are disen- 
gaUed from the amalgamated wire, which soon cease, and in an hour of two, 
' a toeden gray spongy mass is observed adhering to the wire, which is some* 
times sufficiently bulky to fill the tube, and putting on much of the external 
•ppearanoe of a mass of cellular galena. This mass consists of a spongy 
amalgam of ammonium, containing a very minute proportion of mercury; it 
is lighter than the solution in which it is immersed, for on adroitly separating 
a portion of it, it rises to the surface and rapidly decomposes. water, hydrogen 
bdog evolved and ammonia formed. 

It is a very curious and interesting fact, that although this spongy ammonia- 
sal amalgam cannot be kept immersed in water even for a few instants with- 
out the formation of ammonia, yet as long as it is connected with the nega- 
1i?e electrode of the battery, it may be preserved without change ibr days 
•od ireeks. The instant the connection with the battery is broken, a mass of 
this anoalgam, as large as a walnut, appears to vanish in a few seconds, tor- 
mils of minute bubbles being given off, and a scarcely appreciable quantity 
of meicufy being leA on the wire. On again closing the connection with the 
battery, decomposition recommences, and the amalgam is reproduced. 

454. Decomposition of several electrolytes, as sulphate of soda, iodide of 
pdassinm, &0., may be effected by means of a current of electricity, from the 
ordinaiy electrical machine. For this purpose, place upon the table of the 
VDivenal discharger a piece of bibulous paper, soaked in a solution of sonoe 
■|h»iiwMi combination, as iodide of potassium ; fix to each of the sliding rods 
of the appamtus a piece of fine platina wire, to serve as electrodes, which 
most rest lightly upon the paper, about an inch from each other. Connect 
one of the rods ir with the rubber of the machine, or with the earth by means 
of a chain, and the other p with the prime conductor by a wire, or still better. 
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Fig. 640. 
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by mpieoeofwpl string; on working the mBchine, the mit willbo dceompoied; 
iodine being set free at thai wire which it connected with ihe oondnotor, W ■ 
at the point where the positive electricity enters the componrid, and the lil* I 
Bine base at llist wliioh ii connected wilb the ruUwr, or wh^rc Ihe posiliTii 
«arreii( escapes. The alltaUne elemont cBn be detected by placing a piM 
or turmeric [laper, moistened, wilh the solutioti employed, on the mble ordie 
diubirgiir, in place of Ihe ordinary bibulous paper. 

4S3. It i* iu>I neceuary to use metallic conduclois (0 effect eleclro-lyBis W 

the electricity or tension. To sbow this, take two iriangulRT pieces of ps|Kt 

A B. ■ being colored with litmus, and i wilb 

Pig. 241, turmeric, place them base to bnse on a glaw pl«n 

anil moisten Ihem with a solution of Bulphsle of 

j -t * 1 aoda, let a pointed wire flieil to the pojitive eon- 

- "TS^ <::^r*~:> ''"'*"■ ' "f «" eloolrical machine in aeiiou bo 
■ — ' ^^U-^ placed a few inches from «, tha Bulphata of (Oita 

I 1 will be decomposed, the acid set free st ■, when 

the electricity enters the paper, and will turn in 
blue color to red. whilst the soda will be set frse 
at 1, staining it biown. This el^»rit eiperiraenl of Prof Faraday is conclo- 
five against the old notions of the electiodes inducing decomposition by Dol- 
ing as attractins surfaoea or poles. 

456. Electricity is not only evolved during chemiial decomposition, bat hai 
been supposed to attend ihrrnical combinalion ; a statement first maile by Bm- 
querel. The truth of this opinion has been, by many, either aitogetlier denied, 
or limited to tl.e case of the combination of nitric acid wilh alknliej. Thsi 

during .the combination oT sulphuric, hydrochloric, nitrio, phosphoric, and 
acetic acids, with Ihe filed alkalies, and even wilh ammonia, is readily demon- 
nrable, but what Ihe immediate cause of this avohition of electricity may be, 
is questionable. In the case of electricity erolTcd durii^ the combination of 
nitric acid and potassa, or Becquerel's battery, as it is termed, ProC Danielh 
view of llie composition of salts enables a tolerably ready explanation to be 
applied. This apimralus consists of a tuba closed by a plug of pipimlay filled 
Wilh a solution of potass, and immersed in a vessel of nitric acid. Plates of 
plaiina furnisiied with conducting wires are immersed in t)ie acid and alkali. 
As soon as these conducting wires are twisted together an electrio current 
takes place, oxygen rising in bubbles from ihe plate immersed in the alkali, 
whilst hydn^en is evolved in the acid and immediately acts on it, tingingit 
yellow ftom the formation of nitrous acid, Ihe hydrogen abstracting a ponioii 
of oiygen from the nitric acid. Meanwhile combinalion of th'eacid and ajkali 
occurs through ihe clay diaphragm, and nitrate of potassa is slowly liirmed. 

On Prof. Daniflll's hypothesis, nitrate of polass, considered in its electric 
relations, is a compound of 
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and not of 

1 atom nitrogen ? i 5 ^ Btom potassium 
oxygen > "" c ^ oxygen ; 

and hence nitre on this view is tenned oxynitrian of poUutium, Aqueous 
nitric acid will thereibre be an oxynitrion of hydrogen, thus constituted: 

1 atom nitrogen ) i ^ v j 

6 oxygen J + 1 atom hydrogen; 

and not as usually assumed, of 

1 atom nitrogen ? i f 1 atom hydrogen > « ^ 

« ^^„JZ^ f T" 5 1 rvi«™ J =■ 1 **tom water. 

5> — — oxygen J ' ^ 1 — — oxygen J 

In Beoquerel's apparatus, the following elements are thereibre arranged 
on each akle the porous diaphragm, represented below by the double hori- 
lontal line. 



1 Oxygen 
1 Potassium 



= Oxynitrion of potassium 
or nitrate of potassa. 



1 Nitrogen 

6 Oxygen 

1 Hydrogen 

Thus, an atom of oxygen is set free in the alkaline solution, and one of hydnv 
f(en In Ibe acid, so that in this case the evolution of electricity may be readily 
traced to chemical decomposition ; consequently Becquerel's arrangement does 
not represent any exception to the general rule. 

457. The statement, that in cases of electro-chemical decomposition, the 
changes which take place in the electrolyte are continuous through a line of 
moleeules, and not limited to those in contact with the electrodes (334), meets 
ixrith an interesting illustration in the well-known experiment in which an 
alkali appears to traverse an acid without combining with it; and which has 
been errcmeously regarded as a case of suspension of the laws of chemical 

Fig. 242. 




affinity. Let three cups asb, be placed side by side, and connected by means 
of pieces of lamp-cotton moistened with a solution of sulphate of soda. Let a 
and B be filled with a solution of this salt, and the central cup s, with dilute 
sulphuric acid. Let a platinum electrode c connected with the last copper 
cell of the battery, dip into ▲, and another z, from the last zinc plate dip into b. 
The positive current will now enter the fluid in ▲, and escape from b through 
s, traversing b in its course. Electrolysis of the sulphate of soda will take 
place, its add with oxygen being set free in a, and the sodium will pass 
throui^ the sulphuric acid in b and reach b, so that a quantity of free soda 
will soon be found in b; the sodium being oxidized at the expense of the 
water. It is evident that this alkaline body must have traversed the acid in 
B, with which, indeed, it for an ^nstant combined, and the resulting sulphate 
of soda being deoom|K)sed by the current, the soda ultimately appears in b. 

458. That in experiments of tliis kind, the base really combines with the 
add it is made to traverse, is proved by using a salt with the base of which 
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the aDii] forms SI) innluble ooiDbinnlion. Cndpr tbese dicumsMoces il k » 
moved from ibe influeoce oT ibr curreni, and iloes not reach llie ibihl cup. 
Plu» in Aft BOlutiont of chloride orbariuni, nnd in t dilute ftulphuTu acid; oa 
the cuiient puaing. the coDtents of A nre lieeonipoaed, chbrine is evolieil.ind 
barium MCt fVee; tilts U coiit^aI in the manner befbre depcribed to the mid- 
dle cap, snd here it i> arteited in ill course hj the acid wbiph, in comluiing 
wilh it. (otm» an abKltiteJy innluble nit, tlio sulphate of barytes, which tilli 
■o (he boiiom of the VEuel, and then neither barium nor its oiide reachealliB 
oup •. Hence the bbIi chosen for eiperiment must he one whose baeelimiii 
a K>liible combinntion with the aeid in the middle cup (457). 

459. When wuler contai'iing a very minute proportion of saline maHtrit 
■ul^ecled, in two cups connected by threads of moistened lamp canon. la ii 

inteea of salioe miiter are deoomposed into theii eoiislilnents, so that the uid 
will appear in one cup and the beie in the other. It haa been observed, bf 
Profnaor Dan ie II, that if a solution of sniphBte of soda be thus treated, atolla- 
electrometer being included in Ibe circuit, not only is the quantity of rtiiied 
leases mllected in the latter the same in 1 k as that set free in ilie eiilphsM 
of soda solution, ai we 
itself deoomposed^ equ 
oomposiiion of water in tlie volta-electromrler and in the eolution of the ml- 
Tbus, the current which decomposed an atom of ivaler in tlie volu- 
It the same lime decomposed an atom of water and one olwA 
pbateorsoda in the appaiatuieonnecied with it; forming an apparent sicep- 
(ion to tlie general law (438). To meet tbis difficulty, Professor Daaiell hiu 
■uggesled that ibe elements of the waier in whicli the salt is deposited, ara 
■eparated by a secondary action. According to this view, sulphate of loli. 
oonsists of SO, ^- H, instead of SO, -f" NO, being in the proposed nomenolii- 

IMsed by an electric current, SO, is set free, and immedialelf nets go the 
water, lalEing an atom of hydrogen v> fbrm the aqueo-Bci<l, and ihns an slam 
of oiygen is evolved from ibe water. The sodium then acts on another iWrn 
of water to fimn soda with ifs oiygen, and setting free bydrt^n, and ihm 
Ihe decomposition of an olorn of water and one of sulphate of sixla by a air- 

is absent, is attributable to the secondary action of the assumed elements of 
the salt on llie water. The same ingenious explanation applies to the elfOm- 
lysis of nil solutions of oiy sails. 

4aO. It has been already observed ihat salts materially differ in the fxdMV 
with wbii'h their elements are evolved under tlie influence of the electric 
duirent. TUisdifferenoe is allribuiable to the varying amount of in tensity vfitb 
which their elements are united. Thus, as has already been shown, lbs 
current from a single pair of platinum and zinc plates is capable of deeompo- 
sing B solwian of iodide of potassium | diloride of silver kept fused in a gl"" 

current On tLe oilier hand, a solution of sulphate of soda and nitnie of 
potass in a slate of fusion, resist the ai^ion of tbis current, but if its mtenui]r 
be exalted bf the addition of a little nitric acid to the exciting liquid, it a 
capableof overcoming the force which ties the elements of these Balls togeifaei. 
and they ate readily evolved at the suifaoe of the respective electrodes, lo 
tlie following list of electrolytes, the first three are decomposed by the current 
ftom a single pair excited by dilute sulpliurio add, while the last four bodiei 
du not yield until after the addition of nitric %cid to the exciling liquor. 

Iodide polassium, dissolved in water. 

Chloride of silver, fused. 
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ProtochloTide tin, fused. 
Chloride lead, do. 
Iodide- lead, do. 

Hydrochloric acid. 
Dilute sulphuric acid. 

461. The essential difference between the electricity of the common eleo- 
trk) machine and that evolved by chemical action, consists in the low tension 
or elasticity of the latter, as comi>ared with the former, which it vastly ex- 
ceeds in quantity. By availing himself of the law of the definite nature of 
electrcHshemical decomposition, Dr. Faraday has, by a series of very inge- 
niona experiments, succeeded in demonstrating the enormous quantity of eleo- 
tnatf naturally associated with the elements of a grain of water. He found 
that when two wires of platinum and zinc -f^ inch in diameter were immersed 
lo the depth of f of an inch in a mixture of one drop of sulphuric acid and 
ftur ounoes of water, as much electricity was set free by this miniature battery 
in aboDt three seconds of time, as was yielded by an electric battery (297) 
liKTing 3,500 square inches of coated snr&ce, and charged by thirty revolu- 
tions of a plate-glass machine 50 inches in diameter. The quantity of electri- 
city in the state of tension yielded by the machine, and sufficient to kill a 
anall animal, was thus evolved by the solution of an almost inappreciable 
portion of zinc wire. By an extension of this reasoning, it would appear that 
800,000 charges of the electric battery would be required to decompose a grain 
Of ^irater, a quantity capable of being supplied in an infinitely lower state of 
tienBion by a pair of platinum and zinc plates, sufficiently excited by an acid to 
keep Ignited during rather less than four minutes, a platinum wire j J^ inch 
Iq diameter. 



NOTE. 

To the no less excellent than laborious Trait^ de I'Electricit^ et du Magn^ 
tiame, of Becquerel, I beg to refer the student for an elaborate account of all 
that is valuable in electrical science ; especially, in that interesting part of the 
•dence connected with the application of electricity to chemistry, contained, 
chiefly, in the third volume. For an abstract of this in an English dress, I 
"would also refer to the excellent scientific Memoirs of Mr. Richard Taylor, 
pp. 414-42. The papers of Dr. Faraday, in the Philosophical Transactions, 
now fortunately collected into a separate work, cannot be too frequently or 
too attentively perused by those who wish to acquire a thorough acquaint- 
ance with this beautiful science. Nor ought the writings of Pouillet, Cou- 
kxnb, Poisson, De la Rive, and many other continental philosophers, as well 
as those of our talented countryman, Prof. Daniell, to be overlooked by the 
student. An authentic perusal of Section VI of Muller's Physics will also 
amply repay the student, by the able exposition there given of the subject. • 




Jlaimof tkclric camtiUonmagnetir baTt,tM, Jtr^tfrt't Formula, 4&i. £iM 
efiilennly of action, 405. Inetrtor, 4H6, MidtifHer, i67. Jilalic miK- 
pHer, 408. Jcfion of magmli on anidticling wira, 469. Appartni mojurtt 
jm^Krliri d/ anufurjing irirti, 470. Adion of aaraiSt on tach oO\tr,ill. A^ 
tarion o/ma|^Ii oniwiJ a amdueling irirt, 4TS — of titt icu-c nnvnil a mofd, 
473. PiftnUing win, 474. Rotating Hia, 476. Siapended nclangla, iV 
— rvrim d/ (A( cortA i^xm, 47S. i>« A> Aii«'i jloofing rat^ 479. Sdatiimlf 
a call of vii% 480. EUclnhdynamic Itr, 482. /nrfuflion o/ magmUM 

by eurrintt, iS3. Hotaling tUdnHn 4S5. Rotation of airrcMTmi 

tuch olktT, 487. Magnilic theiry of «, 489. 

402. Tb> direct inBuenoB of the dii 
nelic needies, was sludied long ajo 
■ad others; the power it eierlei 
polariiy was atsa pointed out. I reserved Tor Pror. Derated, of Oy 
penhagen, ID announce Co the wo.. lenca of a new and peculiai loKK 
reciprocalSf eiertnd between mag , and ibe conaecting wirsi ofl 
voltaic batioy; a lact, to a certain o.b...^ eoieticallf BDlicipated in « va^ 
hf the sune pbikMopher, publiehed iwen., years befbie his great discoreiTi 
whicb wBi made in 1620. 

403. Let a copper wire, oonnecleJ with the two sides of a vollaic anange- 
menl, bo stretched paraliel to a magnelie needle, supported on a pivot, ind 
on a plane just above it. The magnet will instantly leave its position is lbs 
magnetic meridian, and after a few osciljaiioni will assume, and retain, i po- 
sition at, or approaching lo, [i)(ht angles to the wire, as long as the cuneot 
coniiuuea lo pass. To show this, lot a ibick brass wira be suppoited by two 
pillais Ai, passing thiougti Ibeir long axes, and loldeiedlo iLs binding sciswi 

Fig. S43. 




OB. The magnetic needle mb is supported by a pointed wire w, fiied in a 
hollow slam B, in which it may l>e placed at any height by means of a Bcre"'. 
> is the austral and ■ the bureal pole of the needle (2S8): the former being 
What is comiijonly termed the tiorih, and the laner the south pole. 

(A.) Screw the wire oomingfrora Ihocopper plate of an elect roraotor {100} 
into c, and that from the lino inio t, the positive current will pass in tie ii- 
nction xt, a* shown by the arrows ; and the needle bb, placed in the maj' 



AOnOM OF CITRUim OM lUGNETUM. 



241 



nelio meridlaii, will move ftom its previoas pomtion, its end v, moving towards 
tli6«ieiC ^ 

(B.) Lower the wire w into the socket s, so that the needle irs may be 
imuUh the oonduoting wire. On making connection with the electromotor 
as before, the end w of the needle moves towards the eati. 

(C) Remove the wire w and the magnetic needle, replacing it with one 
arranged as a dipping needle, parallel to, and on the same horizontal plane 
with the conducting wire ab. On making connection with the electromotor 
(A), the end w of the needle will be eUvatedy providing its poles be in the 
«me position as before, and it be placed on the west side of the wire ab. 

(D.) Arrange the apparatus as before (C), but let the dipping needle be 
liboea on the tad side of ab ; its poles retaining their former direction. The 
pole m will then be depressed. 

If these experiments be repeated, the connection with the electromotor be 
vevarsed, so ibtA its copper plate may be connected with the screw z, and 
it! sine with the screw c, the direction of the magnetic deviations will also 
be reversed. 

464. To impresss on the memory the directions of these deviations, the 
filUowing formula devised by Ampere is extremely useful : iet any one identify 
kmadf ink the eurretU, or let him wppose himtelf to be Jying in the direction of 
Atpomtim cmnrmU, ki$ head r^preatnting the topper and hit feet the zinc plate, and 
hokmg at theneedU^ it$ north pole vnB ahoaye move towarde the right hand. This 
will be readily apparent if the studeilt will suppose himself to be lying on 
die wire ▲ b (463), in the direction of the positive current and looking to- 
wards irs, and then repeat the above experiments. 

465. The amount of action exerted on the magnetic needle by the electric 
cnirent, appears from the researches of Biot and ISavart* to diminish with 
tiheir matnal distance, its intensity being in the inverse ratio of the square of 
the distaooe of the needle from the wire, toAen considered as applying to a small 
mdiomqf the eondticting lotrs; and of course proportional to the sines of the 
angles of deviation. But as the length of the current may be considered to 
be inAnite with regard to the needle, its intensity is in the inverse ratio of the 
ample distance, when considered as being exerted by an indefinitely long 
oondncting wire. 

466. To avoid the trouble and difficulty of reversing the direction of the 
battery current in electro-magnetio experiments, several pieces of apparams 
have been contrived, most of which are very inconvenient, from their require- 
ing mercury to fit them for use. I have had an instrument constructed, which 
when used to oonneot the battery with any apparatus, allows the direction of 
the current to be readily changed without using that fluid metal. This con- 
sists of an elevated curved ridge, composed of three stout pieces of brass, a 
VB, separated as in the figure at the dark 
portkms by wood ; a and b communicate 
by means of a thick wire passing under 
the base of the instrument. Two thick 
quadrangnl»r bars of brass, nx, pass 
thioogh a circular piece of wood, w, and 
terminate in the binding screws ea. The 
bars SB, and the piece v moving with it as 
on a central being made to press upon the 
eorvnad ndge ab by means of a screw at 
V. Two other binding screws, ur, are 

PCTimwnH to ▲ and p. If the bars be placed as in the figure, the copper plate 
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• Fr^cis de Physique, par M. Biot, torn. ii. p. 707. Paris, 189i. 
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win I 

if I 

lUgf ■ 
uila I 



af > banei^ being ronneded to ■, and the xino tn ■, tha posiliva cntKslwill 
flow from Lio ■ irihefbe connecied by raea^ of a wire or any piece efip- 
paranu, L« the bar* be then moved unlil the Bod of ■ teste on a, n will of 
rouiH be on r, aiid instantly (he pooiiiTe duiem will move in the oppwla 
direction, ar from ■ to t. 

When ihi» inmrnrarnl, which I propoeo lo call the tnmrwr, is u»ed,i 
ral >baiild be plawd on xri, to allow de to glide reudil; over it. 

407. Fnxn a contiileiBiioD of the above eipetimeni, it Is obvioug Iliat if > 
condocling wire be beni into tha shape of a rectangle, ilie needle beingptoal 
between iu two boTizootal bmoches, the action of a current lta*ereing tu 
wira will be, to move the needle in the mmi direclion ; Ibr Hlthoueh an 
branch is above, and tha other holow the needle, yel as the current movail 
each in opposite direclioni, iU effecu on the m^^iet will be the rame. 

In diii manner we possesB a mode of increasing the aciioii of a curTemn 
the needle lo an extiaonlinar}' dei{Tee, and acquiring a mode of detecdif 
nacea of electricity inHntiely loo minute to act on the gold-leaf elect! uiiiiML 
For these valuable ronliirana-s we ate indebted to tlie ingenuity of Behwo^ 
gar. The oomoionest form of llieaein!lnin)ents,galraDoraetersorTnultiplienr 
U they are termeci, consists of a rectangular coil of copper wire aaa, conlu* 
ing aUnil twenty con^oKiItoiu, the wire being covered with cotton or silt:, 9 
prevent the lateral escape of the corMI 
Fig, 945. The cups ci are connected, tepectivelji !■ 

■ ' ■ -. ITBS. A mafnelij ■ 

vot, is placed io llil | 
a card, graduated I 
i board a on wbisb | 
redrawn ftimi 380' 1 
its long aiis. On 
jf freble eleottidlr 
il, and tha tieedle will more U 
f the electricity (4fl4). 
is obvious, detect the ciisIeDoeofl 'I 

of the earth, which tends lo retain the needle in the tnagoetic meridian. V I 
the current be too feebla lo produce this effect, its eiisleoce cannot be ilelMilsil 1 
without using a much more delicate instrument. To the late Chevalier NdiiH, 1 
WB are indebted for the application of the OMtatic needle to the tnultiplist, 
thus enabling us to delect tho existence of currenla of the lowest tension, bf 
annulling the directive action of the earth on the needle. The following i! 
a. description of one of ttie many forms of multipliers that havo been pio 
posed, and which I prefer on account of ila exlreine sensibility, and tbo 
Acility with which it is nsed: — 

It tonsisiB of a firm base of mahogany, ii, excavated in the ceotrei sad 
supported by (bur levelling screw!, of which two ate shown in the seciwi. 
The coil Aa is fornied of copper wire one sixtieth of an inch in thicltness, sod 
about two hundred feet in lengtli, carefully coveted with cotton to prerenl 
lateral conlacL This wire ia wound on a thin wooden fVame two incbm 
Mguart, the upper and lower portions of which arc about one inch apart; thii 
frame is flied to a circular piece of wood paising ihiough the board ll, and 
ending in the grooved wheel s, connected by means of a piece of cord with 
the pulley v, moved by the handle i, so iliat w]ien the latter is turned, t^ie 
l^me and coil la are moved round their vertical axes. The ends of Ihs 
ooil, after being Iwisted into a loose spiral, pass through the board, and aM 
soldered to the binding screws ea. The magnetic needles are thin, light 
»Bwing needles, about ono inch and a half in length, poeseHing very nearly 




AflTATiO MVLnniBK. 



Fig. 246. 
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) degree of magnetic intensity, and fixed about three quarters of an 
It, on a piece of straw or wire, as shown in the small figure, with 
M opposed in direction. The piece of straw is placed in the vertical 
le coil. 80 that the lower needle may be between, and the upper one 
e convolutions of wire ; the whole system being supported by means 
nentof unspun silk, or fine human hair, from the arm c, being readily 

depressed by means of the screw d. A circular piece of card gra- 
ato 360^,-is placed oh ab, and before the instrument is used, tlie folds 
m the frame should be placed exactly parallel to the needles by 
K. A glass shade is placed over the apparatus to prevent any dis- 
ensuing firom currents of air. If any source of an electric current 
xsted to the screws ee, tlie needles will immediately deviate from 
viaoB position, the intensity of the current being, in general, as the 
tie angle of deviation, especially as the needles used always possess 
ght directive power. To illustrate the delicacy of this instrument, 
the top of one of the brass screws go, a drop of spring water, and 

piece of zinc connected to the other screw, immerse its extremity 
rop of water, the needles will immediately be moved by the weak 
bos excited. The multiplier constitutes one of the most valuable in- 
s in electroHshemical researches that we are acquainted with. 
Lt all action is attended by its corresponding reaction (61), if in any 
xperiments described, the magnets be fixed, and the conducting 
ovable, thus reversing the conditions of the experiment; the wires 
acted upon by the magnets, and assume a constant position with 
' the direction of the current, and positk)n of the magnetic poles, 
let a thick curved wire be connected to an electromotor so that the 
nay traverse it; divide it in the middle, leaving about an inch bo- 
te divided portions, and re^connect them by means of a piece of fine 
ire. On dipping this thin wire, whilst the current is passing through 
on filings, they will be attracted and adhere to it as if it had sud- 
luired magnetic properties. The filings will be attached to the wire 
rm of rings, about one-twentieth' of an inch apart, and will drop off 
It the current ceases to pass. 

^ires conducting electric currents, if free to move, attract each other 
eurrettU are moving in the tame, and npel each other when moving in the 
section. To show this, let a frame, abc, of copper wire be fixed to a 
Jgfat wood, moving on a pivot, the ends of the wire dipping into two 
c cells, filled with mercury, and connected by wires passing through 
s to the screws re. These screws are connected by wires to the 
4G6), which by the wires c's is itself communicated to the two plates 
ocromotor. A current thus traverses the frame abc, hi a direction 
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vaiying with Ibe portion of the ben of the 
the currenl of pojitiTe eleciritaly r le 

PlHCe H lliiolc curved wire, La, i.. >i< 

cury, wiiL Iha two platei r"c", of « 
fDVarda C{ the poaidve ourronu wi 
that moving in the nam direction, Uie 
to meet lm, mutiutl attraiiviH ensuing 
BO tbax tlie poBitiTe current will aaoend 
mediate rrpuUim will occur. 

472. By menns of RogcM's t^Ioctrica 
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'action of condacl- 
iu the same dirto- 
tianmnbeea«il/ut mslniled. This consists of a lava 
coil of tbin copper re ab, suspended fniin a meDllio I 
nippon I, tjonnecte. rith one plate of a battery. Tlio I 
end ■ juet louches (be mrfbce of some mercoiy mm- I 
municating by the wire c with the other plate. Oa £*• | 
lablishing connection widi the battery the wire coil will 
mpidly vibrate longiludinally (SO}, the roils appRKuii- 
■h other; Ibe connection with the battery is Ihos 
eight of the wire causes it to fall into 
in, and the passage of the current ia »■ 

473. The action eicrted by a oonducling wire on a magnet (463), is obri- 
oiuly not a directly attiatdvo or repulsive ons; hut la rather a taneenlisl 
force, hj which the opposite poles of tbe magnet lend lo rotate round the con- 
ducting wire in different iliieetions, and assume a state of equilibrium wbea 
the opposing actions of the wire on boili poles become equally balaticei. 
Reasoning on this fact, Dr. Fajaday concluded, that if the action of llie cuncnt 
could be confined to one pole only of tbe needle, B rotatory motion, providing 
no opposing forces interfered, might be produced. Al\er n series of expere- 
ments oq this subject, he succeeded perfectly, and tbus developed one of iha 
moat interesting and enlmordinary phenomena in eleciriial science. 

Tbe most convenient apparains for illustrating the rotation of raagneu 
round a conducting wire, consists of two slender magnets, hb, us, fixed eqiii- 
distantly fram each other, witli their poles in the same position, in (he piece 
of wood A, supported by a pointed wire a, so as to move readily on its centre. 
The middle of the piece of wood 4, is excavnled, and contains a drop of mer- 
cury, which communicates by means of a curved wire dipping into it, with 
tbe external oirnular trough of mercury i. A pointed copper wire, supported 
by a screw at c, dips Into the mercury in 1; and is furnished at its upper eid 
With a cup containing mercury, so as lo be readily connected with on eleo- 
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r, by niMiu of the momar (406). The oup 
rough I >re fliea oonneoted, the romiai wilb 
wt, the latter with llie xioo pUle of the eleo' 
t. So thai the poaitirH cunenl dacnuk from 
ad then reaching ■ t)in>ugh the oiuvsd wire, 

to I. It thus acta only on the poles hn of 
net*, which if aiialral poles, will immediBtelf 
' rotate round Iha coiuluoting wire c, from leA 

or in a directiou like that of the haod^ of a 
By turning the bata of lbs immtor, or otbei- 
anging the direciioo of the current, the direc- 
he rotation will immediately beoome altered. 
oa thing aiao occurs, when the position of the i 

the magnets are reversed. Let the magnets 
mts be arranged as they may, the direction 
otation always corteapoods to the Ibrmula of 
I (464). It may here be remarked, that in 
D all other eiperiments in eleclto-magneljsm 
vires dip into mercury, their ends shoiild be 
■ad amalgamaUd, by b^ug dipped into a soludoo of ni 

In accordance with ifae law of eqaality of action and 
I be fixed and the conducting wires movable, the laltei will readily 
ound the former. This may be very easily shown by means of Ihe 
Oe magnet ns, placed in a vertical position, with circulet (roughs la. 

Fig. 250. 





I upon its legs; a light wire Gtune supported by« Sne sleel point flom 
le of the magnet, is ao arranged that its vertical branches jusl touch 
IM of th« mocury in ai. Each of Ihe wire frames terminates in a 
laiDiiQ ■ drop of meroury, inio which ibo ends of Ibe cross wires from 
CtWDact the cup of mercury i, by means of a wire, with the copper 
Ihe eleotromolor, either direolly or by means of the tntcriDr, and let 
M cs, ooming fVnm ihe circular troughs ai, be both connected wilh the 
M of the apparatus. Under these circumstances a current of positive 
^ will jmmttora ihe copper plate to the cup ■, and there being divided 
} ponioiu will descend Ihe vertical Inandies of the wire frame, and 
ba ttooghs AM, leaving the apparains by the wires ci. Directly the 
i« in motioo, the wire fiame suspended to the nonb pole of the magiket 
o niMUe rapidly in a direction Oom left to right, and that nmid the 
Asi In k «oninu7 diractifHi, from the naOwn of &• fl 
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UiB nmvahle oandocling wires. If the direclkm of ihe cuirenf be reversfd, 
ekber by HltrnoB ibe mnnections wiih ibe elwiiDmoior. oi by shillii^Ihebui 

ITS. The roiBtian of a romlucling wire may be also convenienily shown, 
by bendiog two wirei into heliacm! ooils like oorkecrevs, and allawing oicli 
lo real by one eiiremily on Ihe depresnoa on each pole of the boiso^^M 
nngDirt (i'l), Ihe ciher end dipping inlo Ihe mercury in the circular Wn^ 
IB. On coniircting one of Ihe lalter with Ihe zinc, sod Ihe other with die 
copper plate of the eleciromolor, the mrrent will ascend through one helii, 
descend Ihe pole of the magnet whieh supports it up Ihe other pole, ami 
reaching the second belii will descend along it; and thus by the mercorW 
tnniRh into wliich i( dips, reach Ibe zinc plate of the exciciog appaialui. In 
lhi» vaiiaiion of the experiment, the heliacal crab of wire will rotate round 
either pole ts Ihe mint diruiuat, became wbiitt the positive currcnl ascandi 
in one, ii deacemlt in the other. 

476. if, innead of submLllinga coiidtictiiig wire to the action of one maennis 
pole only, ii be so arranged as lo be exposed lo the influence of both polo, a 
▼ibiatine, instead of a rolatory, inolioa ensnen. Let a light wiie, w, suipsniM 
ftom a brSH rod conneeled with the cup of mercury, c, so that its lowet mi 
JBil dips iolo a cavity cut oat in the base of the inelrument, filled with OM- 
cury, he coonecled by a wire with Ihe cup ». Lei a horse-ahoe magnet hs 

Pig, 2S!. 




placed, B9 shown in llie figure, and connect e with the copper, and i wWl 
the ziuc plate of an eleclromotor ; Ihe current of positive electricity will df 
Bcend w, and being acted upon by both poles of the magnet, the wire will 
leml ID rotate lo the right, round Ibe ouitraf pole, n, and to Ihe left, roand ihe 
boreal pole, s. As it cannot at once obey both these forces, opposed in diieo 
tion, il takes an intermediate course, as would be expected, from the law of 
compoeiiion of forces {fl4), and is thrown forwards out of the mercory, in Ibe 
dirsccion indicated tiy the arrow. Connection being thus biokea whh lbs 
battery, the wire, by its gravity, ftills into ihe mercnry, and is again thnwa 
ont, keeping up ihis pendulum.like motion for a long time. Let the diieetioa 
of tbe poeiUve cunent be changed, or the position of the magnet be revened, 
and a vibrating motion of Ihe wire, in an opposite direction, or backward!, 

477. If the electric cunent be made to pass through a spur wheel, w, id- 
stead of a wire, a rotary movement between the poles of the magnet ensDSf. 
Thns, if the positive current passes fVom the cup c to the axis of the wheel 
W, it descends through tbm spoke which happens to dip into the RieraDTy,aad 
passes from thence to i, and to the zinc plate of the elecliomotor. As ««» 
as the current descends the radius of the wheel, Ihe ponioo dipptaglnto d>* 
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memuy is IliTOvm oat, as in the Tibrating wire ; another spoke of the wheel 
dips ioto the mercury, and is thrown out in its turn, and so on, a continual 




Wte tD ry motion ensuing. If the direction of the x>oIes of the magnet, or of the 
electric current, be reversed, the wheel will still rotate, but in an opposite 
direction. The wheel w may be replaced by an entire disc of metal with 
advantage, as the motion is then more uniform and continued. 

478. if a horse-shoe magnet be approached to a suspended rectangle of 
wire, through whose sides an electric current is passing (471, ▲, b, c, ii), it 
will be forcibly attracted, whilst the current is passing, and the poles of the 
magnet placed in one direction; and repelled, if either of these positions 
be reversed. This apparent attraction is really owing to the same cause 
which determines the vibration of a wire suspended freely between the poles 
of a magnet (474). The rectangle having a tendency to rotate, in common 
with all conducting wires (474), round the poles of the magnet in opposite 
directions, it is compelled, by the law of composition of forces, to advance be- 
tween, or move fVom, these poles, according to the positions in which they are 
respectively placed. 

479. If the freely suspended rectangle before described, through which an 
•laetiic current is moving, be leA to itself, uniniSuenced by any opposing cause, 
itirill be acted upon l^ the magnetism of the earth, and will assume a de- 
finite position; which it will, if sufficiently mobile, regain, when disturbed 
flom it by any applied force. That fomt of the rectangle tlirough which the 
positive current is moving in the direction of the hands of a watch, always 
taming towards the south, whilst the other, or that in which the current of 
poriiiva electricity appears to move from right to leA, or opposed to the hands 
of a watch, will assume the properties of an austral pole, and will conse- 
qnently point to the northern hemisphere of the earth. Thus in the figure 
nferred to (471), that face of the rectangle abc, which is there represented, 
will regard the south pole of the earth ; the current of positive electricity 
moving in it from left to right If the conducting wire be bent into a circular 
or other figure, it will present the same phenomena as the rectangle; the 
•iMpe not influendlng its properties. 

480. If) instead of using a single fold of wire, as a circle, or rectangle, 
•evend convolutions be employed, its polar phenomena will be proportionably 
inereased. This may be very satisfactorily shown by means of the little ap- 
paratna contrived l^ De la Rive, consisting of a plate of zinc, z, about an 
inch aqaare, placed between the folds of a bent plate of copper of the same 
nae. A piece of copper wire, covered with silk, is soldered to the copper 
plate^ and after being twisted into about twenty circular coils, b, kept close 
lq|0lher bgr means of thread, is fixed by its other extremity to the zinc plate. 
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This >p|iiiinni9 ia placsi) in a iliallow wooden cop, 
*, filled with diluted salphuric ncid, and, on allowi 
ing it lo flofti in b vessel of water, l}ie wliole will, 
altfi a few oaciltBiiona, arranee itaelf in tbe mag- 
nelii^ meiidian. Tbeaclion of the acid on the plain 
CI dsTeloping sufficient oleeiridty lo cause Iha 
■ lo pTitgenl niHgnelic phenomena: thai aspect, ie 
which the poutive current appears (o be mofing 
fmin len lo right, regarding the Miilhetn heini<sphfln 
or the earth. On pi^scnting a magnet lowards Ih 
i-oil of wire a, whilsl Ihe apparatus is in action, al 
LI ensue, as if Uie wire itselT bad really become i 

4H1. The pecaliar polar properties of this roil of wire maybe beautifiitlr 
■bown by fixing il on a pivot, in the centre of a shallow circular trough of 
mercury, divided inio two portions by a little wooden psnicion, aa shown al 
>D. The ends of tbe wire coil are pointed, and so long as just lo touch 
■uriace vf the mercury in the divided box id, as ii, by capillary repulfion (31), 

Fig. 254. 




traction and r^puliion wi 




« above tbe level of the partition without overflowing. On connpctirf 
two oalla of mercury, hj means of Ihe wires, cc, with the two pistes of 
elwtromotor, and placing tbe whole between the poles of a botse-sliW 
gnel. the wire coil, a, will revolve rapiilly, from the two faces of the Mil 
ng sltomately niiraoted and repelled by the magnaiic poles HS, and lbs di- 
linn of the current traversing il being reversed at each bntf revolutian. 
\»i. The toil of wire used In lUe preceding eiperimenis may be regarded, 
long as tbe current traverses it, ns a fiat magnet: but if the cDDvolutioiUi 

Fig. 355. 
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imlMid of being nearly in the same plane, be drawn out, so as to represent a 
kmg beliZf'ae ab, its apparent magnetic properties become much more distinct 
Let a wire, corered with cotton or silk, be coiled on a glass tube, in a direc- 
tion rrom left to right, forming a right-handed helix, and be supported on a 
pivot, at at o, its two ends, db, hanging down, and just dipping into two con- 
eentric troughs of metrcurj, connected with the screws, kz, as in the support 
of the rectangular conductor before described (471). On connecting these 
nrawa with the two plates of an electromotor, the electricity will traverse 
the heliaeai conducting wire, which, aAer a few oscillations, will arrange 
itself in the magnetic meridian ; that end in which the positive current moves 
ftom left to right, pointing towards the south pole of the earth. The two 
extremities of this helix are respectively attracted or repelled by the poles 
of a magnet, as long as the electric current traverses it, as completely as if it 
were a permanent steel magnet. Ampere, to whom we are indebted for the 
knowledge of the properties of this and other heliacal conductors, has termed 
it the tkctrthdynandc ryHnder, 

483. The most interesting property of this heliacal conductor, is its power 
of inducting actual magnetism in a bar of soft iron, placed in its interior. 
Thus, if a bar of soft iron, in which magnetism is readily excited, be placed 
in the helix ab (482), and a current of electricity be made to pass through 
the latter, by connecting its two extremities with the plates of an electromo- 
tor, the bar of iron will instantlyacquire the power of attracting another piece 
of iron, and indeed present all the properties of a powerful magnet. These 
magnetic properties are, however, transient, and are manifested only whilst 
the electric current is traversing the helix, vanishing altogether on the electri- 
city ceasing to pass through the wire. 

As in this experiment the electricity does not enter the iron, but merely 
passes round it in the coil of wire, we learn that an electric current travers- 
ing a wire possesses the property of inducing' magnetism in iron bars brought 
vitbin its influence, and placed with their axes at right angles to the direction 
of the current If they be not placed in this position, the magnetism induced 
is proportionably weaker. 

484. If a bar of soft iron be bent in the shape of the letter U, and be co- 
Tered with several series of folds of copper wire, insulated by being covered 
with cotton, and a current of electricity be transmitted through the wire, by 
eonnecting its two ends to the plates of an electromotor, tlie intensity of the 
induoed magnetism will become very obvious. On placing a smooth bar of 
soft iron opposite to the poles of this eUctro-magnet, it will be attracted, and 
nmain firmly adherent; and an immense weight may be suspended to the 
bar without separating it frorii the poles of the magnet In this manner, elec- 
Jroma g ndM, capable of supporting several hundred-weight, and even tons, have 
been ccMistructed. It is remarkable, that if the contact with the electromotor 
be broken, whilst the poles of the electro-magnet are unconnected with each 
other, the induced magnetism will, if the iron be very soft, nearly entirely 
vanish. But if the poles be connected by a bar of soft iron, before communi- 
eatkm with the source of electricity be interrupted, a considerable magnetic 
intensity is left in the curved iron bar, and is permanent so long as its poles 
are connected, disappearing only on the removal of the piece of iron adhering 
to them. 

48ft. If bars of hard iron, or steel, be substituted for soft iron, litle or no 
magnetism is developed, so long as the electricity traversing the helix in which 
they are placed is of low tension. But if a current from a powerful voltaic 
battery, or the discharge of a Leyden jar, be transmitted through the coil of 
wire, the included bar, if it be small, as a steel needle, becomes permanetUhf 
magnetio, its polar properties not disappearing, as iu the case of soft iron, on 




n of the inducing Diirrent. In erery cue, iheditKlion of the poles 

»d eleuinj-mngne' biMrt n conamnt relauon ui the eoursa nlieo by 

» currc-ixl, and ii tbe eamc R3 llial in IhD eleuiro-d/nBoiic cylioilec 

lie plienomenaof Ihe elaciric induBlion of roagnetism may be bmn- 
lifuliy shown by meaiu of a conlrivanca of tbe lata 
ig. 356. Dr. Iliicbie, a>nsi»liagofa Uuof soft iron, EnpporleJ 

by a pivol, and coveted with a coil of iiisDlatHd cop 
per wire, the two eitromiiies of which just lomih 
tlie Burroca of the mereury ooniaiued in a circiilai 
trough, divided inio two cells by a Iransverae slip 
of wood. In the marKinal flgiiie, ira ia an upright 
horie-alioe tnagnot, having tlie bar of iron ± covered 
widi a coil of insulated copper wire, supported by 
iu pivot over the two-celled vessel of meroury a. 
On connecting the latter by Ihe wires cm to die two 
pteies of an electromotor, the bar i becomes a tern- 
[lOiary magnet, and, if tha conneclionH be properly 
made, it* ends assume the lomt polar state as Iha 
poles ss, In whit* they are opposed; of course, re. 
X perforins half a revolulion : hero its wires pass over the 
wooden partition, and dipping into the opposite cells of mercury, its polariiy 
becoraei reversed, and so on: Ihs bar i revolving with immense rapidity, and 
having its polarity reversed twice during each revolution. During the aciioa 
of this apparatus, as well ns that of the rotating coil of wire (481), s loud huni- 
mlng noise, oDen aniQuniing to a loud musical sound, is excited by the rapid 
vlbretory motion assumed by the Sied mugnei during the rapid Tevaluli>'in of 
the electro- magnet, or wire coil. This musical sound is remorbably well ob- 
served when the magnet is supported by three levelling screws, on a smooth 
table ; and if the apparatus be large, it much resembles tbe drone of the bag- 

4S7. rr the plectro-magnei (<ie<i) be about four or live inches in length, il 
will rouie by the magnetism of the eanh, independent of any steel magnci 
in iu neighborhood. Care must in this ease be taken to place the bar in ilis 
magnetic meridian, and allow the electric current to traverse the wire coilol 
round it, in such a direction, that the poles of the lempotary magnKl may ba 
■och as will be rupelled by tlie hemisphere of the globe, to which they ats 
opposite. 

488. It has been proved that a conducting wire and a magnet, by Iheii 
tnnlual reaction, tend to arrange Ihamselves in a' direction at right angles to 
eacb otiier (403), and that if the action of ttie carrent, or what oooies to in 
same thing, of llie wire conveying it, be limited to one pole only of a magnet 
Bl a time, they will tenil to miate round each other in a given and conslsnt 
direction (473, 474). Wires wmveying currents, it has been shown, also pt* 
■MS the properties of momal attraction, or repulsion, according to the dirsr- 
tinn of the electric fluid (471), and of being acted upon by the magaelisin of 
Ihe earth, or of a steel permanent magnet, arranging themselves in a oonslBiit 
direction, with regard to the poles of either (478). Ampere has extends^ 
these ftoH still further, by showing that two electric currents properly sr- 
ranged will even lend to rotate round one another, providing their tiirectioa 
be at right angles to each other. Thus, if a Jiad current of eloolricily ba 
supposed to be moving from ■ to a, as in fig. 1, p. 251, and a movable mr- 
renl be suppofied lo be placed as in en, whilst the positive fluid in ab and caii 
moving in the dirsciion shown by the arrows, attraclion will lake place be' 
tween Ihe current is and ca, in the angle Eii ; for if cd be indined towaidk I 
IB, the aurrenis in each will be moving in the same direction. RepulsM I 
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win be ttcerted in the angl e asc, between en and ab; fbr if en be supposed 
to be inolined towards ai, the cairents in each will move in opposite direo- 
fSmifl^ If then the eunrent axb be circular, the movable current en will 
tend to revolve round it 

489. This may be proved by surrounding the circular copper trough w, fig. 
2, with some thick insulated copper wire, connected with the binding screws 
so. The metallic support s is connected, by a wire, with the screw or cup c, 
and the tioagh v itself with the screw or cup z, A light wire frame, abb, 



Fig.1. 



Fig. 2. 




fimiished with a hoop or circle of thin copper, is provided with a pivot at b, 
by which it may rest with as little friction as possible on the support s. Fill 
V with dilute sulphuric acid, place abd on s, so that its hoop may just dip in 
the dilute acid in v, connect cz and cz to the copper and zinc plates of an 
electromotor, respectively. Under these circumstances, currents of positive 
electricity will traverse the wire wound round the trough v, and along the 
Aame abd, in the direction pointed out by the arrows : and the horizontal 
circalar cnrrent in the wire acting on the descending vertical currents in abb, 
will cause the latter to revolve in a direction varying with the course of the 
current in the wire surrounding the vessel v. 

490. From the phenomena detailed in this chapter, a highly ingenious 
theory of magnetism has been proposed by Ampere, differing altogether from 
the ooDventional hjrpothesis already explained (258), in denying the existence 
of any magnetic matter as distinct from electricity, and considering that all 
magnetic phenomena are but the visible effects of invisible electric currents, 
permeating the iron bars or other substances in which they exist. According 
to ibis theory, every molecule of a magnet must be regarded as being sur- 
RNmded by a cnrrent of electricity, constantly and perpetually circulating 
aroond it ; and that the only difference existing between a magnet and a mere 
bar of iron, is simply, that in the latter, the electricity present is in a latent 
and qniesoent state; whereas, in the former, it is in a state of rapid rotation 
aroond each ultimate atom or particle of iron. All the effects produced by 
these elementary currents, may be theoretically represented by a set of re- 
ioltant onnents surrounding the mass, as shown in the following figure. The 
end m of such a bar will be the austral pole and point towards the northern 
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M of th glohe, bpcnuse there the enrrcnta or posilive elsctricily re- 

1 b)' the rrowft, an- moving in a direciian ream lett to right, oi op- 

~ tbew of ite baodi of a waidi (479,) Tha oppcsita end will, oon- 
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Ills boreal pole: for, on looking at Ibe lace s,aa shown i 
*ill op/Mor to be movii« from left to right ; for the same re 
that a word ta seen bockwarils. on looking at it through the paper on w 
it i< wiiiien, hy hoLJing ibe latter between the eye and the light 

491. The attraoiion between the am jc poles of different names, 
.rapulsioD between those of the BBme kii ~5i), are on this theory piplii 
bjr srujipoaing that, in the former CP'- •■■ elemeniory currents 3ie mo _ 
in the same, and, in the latter, in , direcdon! (471). The niUti«D 

of a conducting wire round a maj 4) becomes also redui^ Id iIu 

Bmple case of the rotation of H ver„. id and horizontal cnirrent (489); 

fiw all magneu, it must be recoiled , on this hypothesis, suppostd lo 

hBTe myriads of currents ItBretstng them, in a direction at right angles Is ~ 
line connecting their poles. 

Od [hie theory, also, the tnsgnetiitn of the earth is explained, by suppottns 
the existence of cutrenti of electricity constantly traversing it in a din -"" 
of the positive. Tram east to west, and of the negative Suid, from westt 
It nuiat be confessed that, opposed as this view is to the generally re< 
theories, it has received much support from the recent discoveries in elecm- 
magnetic induction (493). 
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Gtmral Stalrmml, 402. Srceiidary ctirTTntt induced, hy ctedriaty, 453 — bymapiA 
iOA^by iltclromagaeli, 4H5 — in tke innw amduclor unlh Ihe primary aim''\ 
496 — Calorifir tffcctt of, 407. Shock/nm Mcondary cumnit, 498. CwraU 
txeii:dby revolving diic, 4D9, Eleeiromagnelicmathinet, 500 — irirAoB! iron, Ml 
— icilA allerniUing cunenlt, 503 — lingb currmlt, S05~u^A an dtclro tiapit, 
610. J^Bgiulic Oitofs b/ .3aq>ere, il'i. 

492. Or all the numerous and sueoeBsfuI researches made by Fai 
the different deparlmenis of electrical science, none are of groalor imi 
or mote worthy of deep attention and stiiity, tlian the discovery ol 
dynamic induction, which was made hy that philosopher in 1831. 
brief generalization of this discovery, it may be staled Lhal, whcQet 
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deotrlo cnrrent travezsefl a wire, it excites a current in an opposite directioa 
in a seoond wire held parallel to it ; and on suddenly stopping the primary 
current, the induced one re-appears, but in an opposite direction to that which 
it first followed. Whenever, also, a magnet is moved before a conducting 
w^ire in any manner, but especially when the long axes of both magnet and 
wire are at right angles to each other, similar electric currents are excited or 
induced in the wire. These induced or tetxmdary currents are but of momen^ 
ary duration, appearing only at the instant the primary or inducing current 
either effects its passage, or ceases to pass through the wire ; and, when ex- 
cited by the magnet, existing only during the movement of the latter, ceasing 
the instant it comes to a state of rest 

493. Coil on a wooden cylinder, about two inches long, and an inch in dia- 
meter, about eight or ten feet of insulated copper wire, (i. e., covered with 
cotton or silk thread,) and let its two ends project ; call these a and b ; over 
this, coil forty or fLttj feet of copper wire, also insulated, and separated from 
the first ooil by^several folds of silk; call the free ends of this seoond coil, cd. 
Then connect cd to the screws ee of the multiplier (468), and a to one of the 
plates of an electromotor (400) : suddenly bring b in contact with the other 
plate, and immediately the needles of the multiplier will move from an in- 
dooed electric current, traversing the coil cd. Tbis being only of momentary 
dnzation, the needles will soon regain their former position : then rapidly re- 
move B from the plate of the electromotor with which it was previously in 
contact, and the needles of the multiplier will again move, but in an opposite 
direction to that in which they first deviated. In tbis experiment we see that 
a current traversing a wire induces a secondary one in a wire parallel to it, 
(considering the curves formed by the wires as being constituted of an infinite 
aeries of planes,) both at the instant of making and breaking connection with 
the aooroe of electricity. These currents are always opposed to each other in 
directioni as proved by the multiplier, and must be considered as arising fVom 
mdnetum, because the wire traversed by the primary or battery current was 
insulated oompletely from that in which the momentary current, acting on tbe 
multiplier, was developed. 

494. Coil on a hollow cylinder of pasteboard, half an inch in diameter and 
three inches long, about fifleen feet of insulated copper wire, and connect its 
two ends to the screws ee of the multiplier (468) ; then pass into the hollow 
axis of this helix a cylindric magnetic bar : the needles of the multiplier will 
instantly move, showing the existence of a current traversing the coil. Allow 
the bar to rest in the cylinder, and the needles will return to their primitive 
position, the induced current disappearing. Suddenly withdraw the magnetic 
bar, and the rapid motion of tbe needles of the multiplier will indicate the 
momentary existence of an electric current in a direction the reverse of that, 
which appeared on introducing the liar into the helix. If the opposite pole of 
the bar be passed into the coil, the induced current will be in opposite direc- 
tions to that produced by the action of the other pole. 

495. Wind round a cylinder of soft iron, or a bundle of iron wire, a few 
feet of insulated copper wire; let its free ends be called ab. Over tliis coil, 
wind about twenty or thirty feet of iiisulatetl copper wire, carefully separated 
from it, and connect its free ends to the multiplier as before. On connecting 
▲B to the plates of an electromotor, an electric current will pass through it, 
and convert the included iron bar into an electro-magnet (484). The magnet- 
ism thus set in motion in the bar will, like the movement of the permanent 
magnet (494), induce a current of electricity in the outer coil connected with 
the multiplier, and its needles will be poweriully acted on. Then break con- 
nection with the electromotor by removing a or b from the plate with which 
either was in contact, magnetism will vanish from the iron bar, and an ener 
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ooil, oraanij^ the needlet of the mahipttsr tD deritfe wMi ^ratodiy ft«ft#k 
Ibtiiier poaitKMi. 

496. A second coil of wire is bf no meue iiUji— i| Ibr ikt 
of en elecliio eurraot: e single length of wttlttti wiiei eoOed iMieil 
biy compeot helix, hsTing an induoed eorreiil exehad in it hi cbk &tttl0K^ ; 
on MoHng connection, and another, in an oppos ite diieetkni, Ott kmMtlfim ,; 
neodon with the battery, m other soaroe of eieeutei iy. The»^ haimBm^ 
lents, like those before described, are but of momentaiy darnkm^wtAwm^ 
ways opposed in direotlon to the primary oonent; they may be oamldhnlil 
arising from the reaction of the primaiy cnrrmt t r ave is iu g eadi Ibid 6iyMi 
on the electricity naturally present in the adjoining fohlKi In this umrfh^ 
explained the appearance of a TiTid flash of li^t, dbsenred oa kntkkgt^i^. 
section with a small electiomolor, by means of a wire leaded into aeon^ . 
ooil, whilst soaroely the Mntest spark is peroeiyed when a riwrt wke^v ki|j( 
stn/UUttf one is nseid. If connections be made and broken by means of a fl^f^' 
of meroniy, the TiWdity of the li|^t is increased by reflection 1\mm the WBhI 
anrfiice of the fluid metal, as well as from the latter ondeigoing uumUMJM ■ 
fay the force of the discharge. If the wire be folded roond a bar of ivn^Al 
indoced magnetism will increase the intensity of flie e ee on dary eoneali «i 
consequent qplendor of the spark, on breaking contact with the somoe of ili^ 
tricity. In this manner are explained the vivid q>arks obssrved daiiiitM 
iDlRting of a flat coil (481), and of an electro-magnet (486). 

497. If about sixty feet of thick i w tiJ a fsrf copper wire be wound into a Aort . 
ooropact coil or helix on a short wooden reel or boibUn, the efieoCs of ihMi 
secondary currents may be beautifhlly observed. The battery emplbyed W 
be an electromotor of a single pair of plates (400); let these plates be oMM 
■ and c. 

(A.) Connect one end of the helix with i, and fix on o a cup of mflMoyt 
introduce the other dean and sharp end of the helix wire into the muamji 
and withdraw it with a jerking motion, a vivid flash of light will ensue. Tlv 
beat evolved is sufficient to inflame ether, or gunpowder, when placed on ibt 
surface of the fluid metal. 

(B.) Connect one end of the helix, as before, to s, and fix on c a clean smI 
file, draw the other end of the wire over the surfkce of the file, and a snooi^ 
sion of brilliant sparks, from the brilliant combustion of the steel, will app«i& 

(C.) If connection with the electromotor be broken by means of the hriix 
arranged as before (B.), but with one end of the wire furnished with a pisos 
of leaf-gold or silver, combustion of these metals, attended by the evohitioa of 
their cbaracteristic light (427), will ensue. 

498. Let about 200 or 250 feet orintulated copper wire be coiled on ah* 

low wooden bobbin or reel, about two inehii 
long; and furnish each end of the wire with 
brass or tinned iron cylinders, ab, terminatiiig in 
metallic points, cd. Grasping these cyliwtew 
with the hands, immerse c in a cup of meiooiy 
connected with the plate of the electromotor, snd 
D, in a second, connected with the other jdste; 
suddenly withdraw one of them, as n, and the 
secondary current thus excited, in completing^ 
circuit from a to b, rushes through the arms of 
the person grasping them, producing a ssTew 
electric shock. If the hands be moistened, to 

render them better conductors, and connectioos 
be made and broken with the electromotor, by connecting c to one plate, and 
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dmwms > ovw tbe nirikoeof a file connected with the other (497, B), a lapid 
ai i p oett i opqf TwypainAil electric shocks will pass throogh the arms and chest 
of the opemtor. By plaoing in the hollow axis of the reel a bar of soil iron, 
oi^ Mill better, a handle of soft iron wire xf, the intensity of the induced cur- 
s«nl^ the Tividhj of the sparks, and strength of the shocks, will become re- 
nwikably increased. 

These shooki have been by many persons most erroneously regarded as 
p ro duced by a single pair of plates, whereas they really arise from a secondary 
indneed emrent, quite independent of (except that it is excited by it), and 
ftr ezoeeding in intensity, the current originally generated by the electromotor. 

499. In all pieces of electro-magnetic apparatus, in which the contact with 
the battttiy is suddenly broken, a vivid spark is seen from the induced cur- 
TBBt esoitad by the action of the magnet used, on the conducting wire. This 
may be seen in the vibratiiig wire (476), where each time the moving wire 
leaves the mercury, a vivid spark is observed ; although the electromotor itself 
may be incapable of affording one. The existence of these currents may be 
^017 satisfactorily proved by means of the revolving disc (477), by replacing 
the stellated wheel w (see fig.) with a disc of copper, so large, that it may 
Just dip into the mercury in the trough. Allowing the magnet to remain in 
in place, connect the cups so with the screws ee of the multiplier (468), and 
caste the disc to revolve rapidly, by giving it a slight blow with the finger ; the 
needles of the multipUer will immediately move from the influence of an 
eleotrio current excited by the inductive action of the magnet on the revolving 
dlse. 

500. The cnrrents thus excited (493 — 499), are available for all the expe- 
viments in which ordinary voltaic electricity is applied, and various pieces of 
appaiatds^ termed fnagnko-tUctric and electro-magnetic machines, have been 
!Dontrived for the purpose of exciting them with rapidity. These may be di- 
"Vided into three principal kinds, in two of which an electric current is em- 
pkiyed as the primary exciting agent ; and in the other, a permanent magnet 
is used. 

901. The simplest and most convenient form of electro-magnetic machine 
it fixmded on an experiment already described (493), and maybe constructed 
hf winding on a wooden reel, about three inches in length, with a hollow 
•sis, sixty feet of insulated copper wire of about the sixteenth of an inch in 
diameter, its terminations being soldered to binding screws : this is termed 
the primary cod. Over this, wind about 1300 or 1 iOO feet of insulated copper 
vixe, about the sixtieth of an inch, or even less, in diameter, and solder its 
tenninatioiis to binding screws : this constitutes the tecondary coil If then, 
die primaiy coil be connected with the electromotor, whilst die ends of the 
oitemal or secondary coil be held in the hands, especially if tin or copper 
crflindan be used to increase the extent of surface for contact with the hands, 
on breaking contact with the source of electricity, all the electric fluid present 
in the exterior coil is set in motion by the inductive influence of the primary 
eonent, and passes through the body of the operator, producing a severe shock. 
If the terminations of the long wire dip in acidulated water, or rest on paper 
moiiteoed with a salt, as iodide of potassium, electrolytic action results, and 
the prazinuite elements become separated. 

fiOS. It is obvious that some means of breaking contact with the battery 
with soffieient rapidity is necessary to ensure a rapid succession of electric 
cnrrents; and for this purpose various plans have been proposed. Ratchet 
ud cogged wheels have been long employed for this purpose ; but as tliey 
Involve the necessity of being turned by the liand, they are very troublesome. 
If any apparatus of this kind be employed, instead of a cogged wheel, a cy- 
linder of wood having two bars of metal inlaid, connected with the electromo 
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tar Ahoi^ AsyriHCry aid, iboa\d be med. A bnn ipirinB, axmoOei i4A 
Aa ettar pIsM of Ae tsltcrj, pre««es upon Ihs cflinder, utd oo cnuing M 
IMMV loraVDlve hf menni of a mulliplpng whetfl, Ibe connct wilh IhaUk 
Mij BHT b* l^diT broken. Conneciuig (he primary mil id ilie etecDonnM 
IhlMgh A* Medtan of Ihe vibratkin wire (476% fleltaled wheel sppuOT 
(47T), 01 (till better, nT die loiaiing coU (181), or magnet (4S4), will satHt 
Tuy WaU, MmnMrt will be effeetiialljr bnri^^n MVetal limes in a second, hfi 
dMir Mdon. I pi*rn, however, a Jinte apiMratiuwhkb 1 have dncriM 
riMwhen,* eoBriMibgiira lighi iron beam Tibming between twoBzaddHti 
mm; dUianaUeint to break coo lact aboM 400 IfanM In k mbimta, Hd M» 
WUBgully iflbtd* ■ iBpid niccesikin of cu r raB U ofindnoed BlM triri l y . 

S03. TbemoMaafiTeiueii(romiortheeleiiti»giviMd<>iiiaohtaMi^bsl>«M| 
Aa ibilowtaig; it 1* fiu superior n> that whidi I eootiired, on m iinuirt of ia 
•trt^Qp of aedoa wid diairaaanB wiib die uw d inenniij. It coaaaa cf ( 
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I which the two coilioT wire slTeadj-dsBoribedanwDiB' 
(SOIJ tbe endt of tbe long and fine ooil being aoldeied lo the taa^tfaaMi 
BC An end of lbs Bhon and ihicb (piimer]') coil ia Boldered u Aa ti^ 
nine of dwcvppor wire aurtonnding the two little verttcal ban ofaoftkl^li 
end bring conneotad with ibe icrew a. The other extremilj of ths dMtMl 
b nldered to the baae of Ihe braas cotqmn d. This column suppomidip 
ofehulic brass, bearing at iu end b disc o{ sot^ iron, suspended over die n^ 
tical iron bars. A slender scrow K, furnished wilh a platinum point, p»"* 
throuf^ the lop of a beni support of brass, and genllv presaea on a plile of 
the aroe metal fixed on the slip of braas below It. The en J of this auppwl 
Is connected wilh Ihe binding sorew r. All these connections are made nodtf 
the base of the instrument. 

On connecting a ringle pair of pintea T., wiili the aorews »h, the iro 
become magnetic bj iiiduclion (484), and attract the disc above them. Tlui 1 
being drawn down, breaks the conlacl between dio end of the screw i ind J 
the bnui spring, and orcouraelhe magnetiam inlhc bars vanishes. Theeltl- I 
ticiqrof the spring causes ii to touub iho end of k; conlacl is thus mai}e,tlis ] 
ban again become roosnciic, anil to on. Tbe course of the cutrenl from Aa I 
phUes I to (he primary eoil on t being thus intemipled and renewed nnuT 
handredi of times in a minute, a loud musical sound is produced by thevilie' 
tions of the brass spring. Of course with each of those renewals and iotap 
ruplioas of the primary current, induced currents liavene the secondary ooil, 
which becomes remartaljl)' inereaseii on placing o bundle of soft itoowiisin 
the hallow axis of the bobUn A. On then grasping a pair orcondaolon ooo- 
nected with bc in the hand, a rapid succession of severe abo(^ will be sxp^ 
rienced. 

504. From what faaa been already remarked (492,) it is obvious fliat die ia- 

duoed currents thus excited will be alternately in oppodte direciiom. ^niOM 
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cnsifsd when oonteol it broken with the battery being much more energetic 
than thoM eseitad when contaet is made. The following experiments will 
lie fimid inatmctive. 

A. Place on a phae of glass a slip of bibulous paper, a mixed solution of 
Marah, and iodide of potassium ; let Uie points of two platinum wires fixed to 
the aorewa bo rest on this paper, the blue iodide of amidine will appear at 
both wires^ a much larger quantity being developed at one than the other. 

BL Let two platina wires b be thrust through a oork fixed in the end of a 
tfa« tube A, filled with dilute sulphuric acid. Connect the wires with the 
•otews BO. A torrent of minute bubbles of mixed oxygen and hydrogen gases 
will be eTolved from both wires. One giving off, however, much more than 
the other. 

Fig. 261. 




505. The apparatus just described may be conveniently called the electro- 
magnetic nuushine with alternating currents. It is, however, often important 
10 be able to obtain the induced currents separately, hence the contrivance of 
the electro-magnetic machine with single currents. The following is the most 
convenient arrangement of this kind, as contact is broken by solid conductors. 
In this, the double ooils with their axis of iron wire, are placed in a box. One 
end of the primary ooil being soldered to the screw n, the other to the brass 
upright k. A wooden cylinder ▲, with pieces of brass inlaid at either end, is 
OQDncdBd thus with the brass uprights ko. Slips of elastic brass press upon 




It ftom BB, tupported by the brass columns xo, to which the extremities of 
the iccondary ooil are soldered. AH these connections are made within the 
booL On connecting the conductors of a battery of a single pair of plates with 
lands, mod levolvingthe cylinder, a glance at the figure will show that from 
the altemato arrangement of the slips of brass, induced currente can traverse 
die wires nr; and thus, by properly arranging the connections of the battery, 
we can make such wires convey positive or negative currents at will. 
If tlia experimepts made with tlie apparatus witli a double current (504) 
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Mt. Cl«* briai wpoo iha whola wow aanwntww rt«n fcifcB'% fciM !■ w ' 
balk, Ita fnlenntr of notioa, ud it* ill hi nii^n wUh A« Ma of mmoi 
TUi ooMiaa of u apcisht twnp o im d honMbea BignM, pnaMd iflW 
baud,B,lirtfa*on]*»inaoes. If auaw (if m nwhipljrint w^mI, a, *■ iW 
Man AH» ii nwle u nvolTa npUlrboAm dM polM of A* flud nWM 
TUiaimatDrai»auliortwDpieaNari^)im,a*BMMd itiWtn^H 
dMiricoeor itoo AB bfieMwa: lOandihalofiovbnngheoiifthitHiWial 
abntt ISOO y>rd> of fine, inifufaf ccppn wiie; ooe ond of wfaidt ki» 
asotsd to a collar of bran, ajtalmt whiofa the ipiing > preaea, tha otbat mi 
bdng loldered 10 ao iiuiilaled bran ooUai, i, part i^ whoaa droutiilarBaottal 
beoD removed, a* ibown ou a largei scale in tha tide flgtua. A thiok tpf 
par wire, k, preues a^inai t, and U connectad bf a bnuB pillar, », " ~ 
netallio Rimp, i;, flied on one nde t^ Ibe woadea block t, whilst a 
fnaoe of metal, K, with wbkb it iioooiwoted bra beat win, t, ' 
•ile (ida, and lapporl* Iba Bpiing ■. When r«, M ' 
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ue opposite to the pnles of the magnet, the latter, by induction, conTeiti lb* 
included iron into a temponiiy magDCtT bi the instant this aciion occurs, ths 
electric equilibrium of the wire wound roimil ii becomes distoibed, and i 
current of olectiicily rushes through the coil. If the armBlure be turned hnlf 
round, tha magnetism of the iron piece becomes rerersed, and a second aa- 
rent in an i>ppotilt direction is eiciied; and as at the moment this talies place, 
the wire K comes in contact with the interrupted portion of the otrilar I,* 
bright spark posses between them. On revolving the armature widi lapidilf, 
a Buccession of viviil sparks ensue; and if wires filed to the bnira pieces U 
be immersed in acidulated water, decomposition of that fluid will oecor, dis 
Oijrgen and hydrogen gases being evolved alternately from each wire — as of 
every two induced currents, one is always in opposite direction to the othst, 
tfae alternate ones only moving in die same direction. 

507. If a copper cylinder be grasped in each hand, whilst wires conneded 
With them communicate, one with the strop l, and the other with a cavity 



1 tha end of tha lenriTing annatuM ; on fnming tha wheel s, % 
rioD of ouirenu it tent (liroDgh the body of tbe penon gnsping 
the ojlinden, piodnoing s eeiiea of severe Hod almost intolerable (hocks, the 
o &rml; cootiocled thai he ia genersllf unable to drop the 



If the wiiM, initead of lenoinatiiig in copper cylinders, be funuihed with 
]dMiiu points, eleccrolytio deoornpoaidon of an; conducting flui<l thef aro im- 
Bwned in will ennie, a* in tbe case i^ the induced corrent of the preTiooalj 
doaoiibed appaiatm. 

COS. If an BRnature, fasring a Aort helix of thick ineulated copper wire, be 
nbnitated tn the armature ta, in the machine just described, the inCensily 
cf dM enured electric currents will be dimlniabed, and no shock or diemical 
Mtkn will result flnrn them. Tha vividity of the apark at i will be, bowever, 
)iiareased,BDd pieces of ptatina wire readilf ignited by allowing the electricity 
to pan through tbem. Tbe ordinary phenomena of electio-magnetic rotation 
nay be produced by passing these currents from the short helix through the 
•ppRipnalA pieces of the apparatus (477). 

909. A very simple and ready mode of exhibiting the electto-magneCid 
spark as it is termed, by the induction of a permanent 
magnet, is towindnxmd a piece of soft iron is, about Fig. 284. 

ton yards of thick innilatod copper wire or ribbon. 
Let one end of this coil be soldered to a plate of amal- ~ 

punaled copper C, upon whioh the other end, sharply 
pointed, is made to press with elasticity ; to eSect 
which, it is bent intoan elliptical fbrm ni. On placing 
this armature on the poles of a strong magnet, its, (he 
bar Am becomes magnetic by induction; and on buiI- 
denly jtrldatf off one end, as a, from tbe pole s, the 
bar nearly loses all its polarity, and the electric current 
dareloped is shown by a Tivid spark occurring at the 
point wbara i presses on c, as it beoomei slightly 
raised Itom the plate by the sudden motion communi- 
cated to IB. 

510. As in these cases the electricity evolved bears 
a ratio to the magnetism induced in the iron nucleus of 

the armatures, it follows, that by increasing tbe intensity of this magnetisn, 
the electric current beoomee proportionably increased in tension and quantity; 
as l^ means of a current of electricity of low tension we can excite powerful 
magnetism in an iron bar, the application of this as the inducing agent, iias 
been used in the construction of these machines: indeed, it was by a con- 
trivance of this kind, diat Faraday first discovered tbe existence of these cut> 
rents. He most powerfiil electromagnetic raacliities 1 am aciguHinled with 
■re oonstnutsd on this prinojplei the following is a deKription of one of 
them. Two bars of very soA iron as, about fourteen inches long, and on inch 
in diameter, are connecteil by a cross piece of iron, i, firmly screwed to them. 
neae bars are covered with a coil of insulated thick copper wire, about 300 
fint in length, the ends of which are connected to the screws Di. Over this 
■ra woond about 1600 leet of very thin iniulattd and iNimitW copper wire, 
Ih ends being connected to the screws sh. 

On oomMKXing di with the battery of about ten pairs of plates, the iron bars 
beooma mlBcientlj magnetic to lift about sixty pounds weight; and if the cop- 
per (flinders, connected to ea, be grasped with tlie moistened hands, an almost 
insupportable shock will ensue, on breaking connection with the battery. To 
•fleet this tuptnre of contact with facility, a contrivance similar to that used 
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Mfpeoded, ud at dts other b fixk of fliU abfiptt win, to amtwtd dallr 
iu own wei^t it will fkll into two cnpi <f UMOuijr flsad U x, udbMW* 
Dect them with each other. One of theaa anp* U ooanaatad by > wirawi^* 
■onw D, whilM the other ii, bf B win ■, MDoeolad with ami ead of dte bl^ ' 
lerr, the lorew > beiiig in oommunicatioa wiA di* oOk. 
ooonectiona nre completed, the bar a, >»»»""^ iiwimwlii. anntelB Aa bfU 1| 
which, fslUog, niMH the fork: v fiom thaeapa: Ihaa bmldD| eouaM wiik ; 
the batter]', and prodacioB avirid apark attended with a lead nap, and «o^ 
boMion of the mercuiy. The ban toang their magnetjii, the ftrt !■ fljb ly 
it« own weight, and re-eftabliihes conneotioii with the Imuerji t ia affuo ■> 
iracted, Dad so on, the beam lapidjj ribntiiig amid a comfjete abowar of 
■parka from the meicuiy, pioducuig a moat brilliaiit ipectaole in a dark'ioam. . 

511. Ae b. rapid luceeinoa of powerful altematiiij; currenta circulate al 
each rupture of contact through the long coil, the abook felt at the ecrewa aa, 
oi Ht the cflindeiB oanneclnl with them, becotnea intensel/ painful, completetf 
paralyzing the nrma of the persons graaping the conductors. With these cur- 
may be performed and other effecta produced, as v 
a piece of chsrcoal be placed on a, end a plsltna ' 
drawn lighlly over it, whilst l)ie machine ia in action, a aeriee of minute 
■parlu from the induced currents will be observed. 

912. As electric currenta are iuduced hj other currents passing nBtr the 
OOnduclora, in which they are excited, the theory Of Ampere (460) recttvea 
considerable support from (he facta enumerated in this chapter. Granting 
with him that a magnet is full of perpeMally moving currents of electrtci?, 
it induces magnetism in a bar of iron, by exciting similar currents, as in the 
case already mendoned (490), and then the remarkable Act of tnagneli ex- 
citing electric currents in wires moved near ibem, will be resolved into the 
same case of currents exciting currenta. In lacl, it permits ub lo generaUie 
the phenomena of magnedam and electro^tynamics, in a very important and 
BBiisliictary manner. The apparently mysterious phenomena produced by 
revolving platea of different metals under magnetic needles, in causing them 
to move, may be referred to a similar eiplana' ' .... 



CHAPTER XIX. 

THISKO-BLSCTSICITT. 

'XteUatitm of thirmo-^edric cumntt by two metals^ 513 — by one mdaX unequally 
htaUdy 616^— unequal diitribution of heat neceeeary, ^IQ^'rotationt produced by, 
517 — thermo-electric pUeij 519 — chemical decompositions? and sparis from cur* 
rents induced by, 520. Currents evolved by metals plunged into fused scUts, 52 1 . 

513. Whik two different metals, as copper and bismuth, are soldered to- 
gMher and connected by wires to a multiplier (468), an electric current be- 
comes developed on heating the point of juncture of the two metals with a 
qn'rit lamp. If the multiplier be sufficiently delicate, the deviation of the 
needles will occur when the point of connection of boUi metals is grasped in 
the hand ; a very slight elevation of temperature being sufficient to produce 
thii efiect In general, the most powerful currents are ovcdved by heating the 
moate dystaline metals, as bismuth and antimony ; and they increase within 
oertain limits with the increase of temperature. The ibllowing list contains 
the names of several metals, any two of which being employed as a source 
of electricity, by heating them at their point of junction, currents are de- 
veloped in snch a manner that each metal becomes positive to all below, and 
negative to all above it, in the list: 

-f-Bismuth 

Platina 

Mercury 

Lead 

Tin 

Gold 

Silver 

Copper 

Zinc 

Iron 
—Antimony. 

514. This mode of developing electricity was discovered in 1821, by Prof. 
Seebeck, of Berlin, and has been studied with success by Prof. Cumming of 
Ounbridge, Mr. Sturgeon, and many other philosophers. In examining these 
cafrenta, as they are of too low intensity to force their way through very long 
eondnoting wires, the multiplier should be constructed in the manner already 
eilpained (468,) bat the coil should be short, and composed of thick and soft 
copper wire, so as to offisr as little opposition as possible to the passage of the 
electricity. 

515. It is by no means necessary to employ two metals in these experi- 
ments, for if two pieces of copper wire be twisted together, and connected 
with ihe multiplier, a current of electricity takes place on holding a spirit-lamp 
OD one side of the juncture. Even platina 'Vires will evolve these currents; 
10 that they are to be regarded as arising from a series of decompositions and 
recombinations of electricity produced by the action of heat, and not resulting, 
at least necessarily, fVom oxidation or other chemical action. When a uni- 
form bar of metal is heated at one end, the cold portions assume negative and 
hot ones positive electricity. 

510. For the development of thermo-electric currents it is necessary that the 









■ppMad ihoold not be equally pi npiiplMi ^to^ tfcsuMI tli^ 
Ae two andsof tbe winofdia moltipllir te oosMSltA IqrBHBM ofa ki^ 
ptotiiMi wire, mod m •piIi^lunp be held nmrmaf put of the lenai^ an Ml^ 
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mpletine wire ooDnected with the mnh^ilier end tolled inlD a qiinl eta. Oi 
beeting the pert 9 with a ipiriMamp a poritive onneat pefMe .fltom a t»i^ 
and oenses the galTenometer needles to deriete ftom tiieir position. ' 

917. The phenomena of electio^negnetio loletion mey be readily pnidaDlft 
by means of thermo-eleetric onrrants; ix this poipoee twist mmd eaeh cid 
of e bar of bismuth en inch in length, a diick eopper wire, end bavinK wat^ 
gameted the other ends, immerse them in die eiroolar troo^^ ab of tt9, 
apparatus for the rotation of a oondooting wire nond ttue pole of a inagMt 
(474). ' Apply a spiiivlamp to one end cf the her of binniidi, and as soon m 
die latter beoonoes warm, a current of eleotrioity will pees thidoi^ the appa* 
latus from the copper to the bismuth, end the oondnoting iHree smpeikded ea 
the pojes, will be|^ to reTolye with rapidity. 

518. A very reedy mode of demonstrating <the excitalioo of eleotrio euii sali 
by heat, by means of their electrcKlynamic eflfeots, is met 
Fig. 867. with in the little apparatus contrived by Professor Cummini^ 
A pieoe of thin silver wire is bent into the figure sss, and 
suspended by a filament of silk from any support, the lower 
arm of the rectangle being composed of platina, r. If the 
flame of a spirit-lamp be applied to one of the junctures of 
these wireSf and a borseehoe magnet be held near one of 
the vertical arms, attraction or repulsion will ensue, accord- 
ing to the direction of the current and the position of the 
I)oles of the magnet (478). 

519. The intensity gf these currents is increased by com- 
bining a series of alternations of two metals, as copper and 
platina, or bismuth and antimony, as in the ordinaiy electric 
pile. By using very short and slender bars of bismuth and 
antimony, having their alternate ends soldered together, and 
packing a series of 36 into a cylindrical bundle, we acquire an arrangement 
in which the electric equilibrium is disturbed by the slightest alteration of 
temperature of either end of the bundle (845). If one of the &ces of the 
bundle be blackened, the mere approach of the hand is sufficient to excite a 
very perceptible electric current ; to detect which a multiplier with a thick, 
well-annealed copper wire should be employed. This instrument dien be- 
comes a most sensible thermoscope, infinitely exceeding all forms of thermo- 
meter in indicating alterations of temperature, and in the hands of Forbes and 
Melloni, has led to the beautiful discovery of polarization of heat (853).- 

520. Thermo-electric currents are of too weak tension to produce satisfiKV 
tory evidence of efiecting chemical decomposition. It has been, however, stated 
that by the current excited by a large number of alternations of platina and 
iron, M. Botto, of Turin, succeeded in decomposing water and varkras saline 
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flohitiona. In X836, Cher. Antinori of Florence, by oonnectixig m thenno- 
«leotrio Iwiteiy with % hdix (tf innilated copper wire, about &00 feet in 
JflBgth, obtained on breaking oontaot a vivid spark from the induced or 
noondaiy eorrent produced by the passage of the primary thermoelectric 
CBRent (497). Shortly afterwards, Prof. Wheatstone* reputed this experi- 
ment with raocess, using a battery of thirty -three pairs of bismuth and anti« 
mony, finrming a cylindrical bundle, 1*2 inch long, and 075 inch in diameter, 
whh m ooil of intulaUd copper ribbon 50 feet long, and 1*5 inch broad. Mr. 
Watkinst has since obtained the same results, by using a single pair of plates 
of bismuth and antimony, each being 0*5 inch long, 0*12 inch thick, and 
weighing but five grains. The same gentleman, by using a thermoelectric 
battery of thirty pairs, each plate being 1*5 inch square, and 0*33 inch thick, 
and heating one end of the arrangement with a hot iron, whilst the other was 
kept oool with ice, succeeded in exciting an electro-magnet to such an extent 
as to support a weight of ninety-eight pounds. 

S21. Ihr. Andrews, of Belfiutji^ has discovered that platina wires connected 
with a multiplier, and plunged into fused salts, are traversed by an electric 
ounnt. This may be shown by connecting a piece or platina wire with one 
mew of the multiplier, and bending its free end into a loop. On fusing a 
Bttle borax in the loop, by means of the blow-pipe, and quickly inserting the 
pravioosly h»aUd end of a second platina wire also connected with the multi- 
plier, into the fused bead, the needles flew to the extreme of the scale, from 
the development of a powerfiil current The direction of the positive current 
appears to be ilrom the hot platina wire, through the fused salt, to the cold 
wire. By means of these curious thermo-electric currents, Dr. Andrews suc- 
ceeded in obtaining distinct evidence of chemical decomposition. The same 
lesaltB were obtained when other fused salts, as carbonate of potass, chlorides 
of potaaeiam and strontium, iodide of potassium, sulphate of soda, and even 
bonoio aoid, were used. 



CHAPTER XX. 

FBTBIOLOeiC XLXCTRiCITT, OR OALVAITISX. 

EbdfkfttUmf 822. Torpedo, 523. Gymnotus, 524. aUurut, 527. Electric in- 
mda, 528. Oab>a$n^s diseoveries, 529. AmmaL electncUy^ 530 — 533r Mat' 
HmeePt rmeardnu, 534 — 537. Electricity offroge, 538— o/ man, 539. Origin 
of mmnal eketrieUy, 540—543. Usee of, 545—548. Vegetable electricity, 549. 

522. CimTAiir fishes have, from remote antiquity ,§ been well known to 
poiseii the property of communicating a benumbing sensation to persons who 
have incautiously grasped them. This remarkable efiect, whose intensity is 
sometimes so great as to amount to a severe shock, has been most satisfac- 
torily traced to electricity ; and no real difference exists between the electric 
flnid thus aiented^or excited by these animals, and any of the other modiflca^ 
tions of that curious form of imponderable matter already described. The 
fishes hitherto met with, which possess this extraordinary faculty, are but few : 

* PhO. Mag., X. p. 414. t Ibid., vol. ix. pp. 304, 300. t Ibid., vol. x. p. 433. 

4 Aristoda, Hist Aiiim., lib. ii.. cap. 13, and ix., cap. 37. Pliny, Hist. Nat, lib. xxxii. 
e. 1. ^ien, da animal, nauira., lib. i., cap. 36, Ac. 
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Xhs oditM, iiwhMWng the gynmotai, tai m odon, tliro 
wiis«l0OiiiB«ib«n^oanaiiedtotliotiopii». Th* toipttdQ^ CfDuioia% ani iih 
rat bave been ■ahmittBd to Teij oaraftil iDVWiigilto: Hm flnt^chii^rtr. 
Hiler,* Dr. John D>vy,tG>r^^niwc40DlMoii,§ mini Matmwcd Jibpuwri 
bgr BiMtoIpbi,f Watafa,«* Iiig8ohoiiM,tt HnvboMl, Bonptaad, wmI fWndivJt 
and tbe but I7 RodcdphiiS and M&lbr.H 

033. The electric organs of the torpedo Ik on eadi lide of tt^haad m/t 
hnamhrn ; being made op of numerooBftTeoraix aided prianiiplaoed ia aril 
ft manner as to present their bases to one sniftoe of dia fish, and dieir wfkm 
to the other. Kinter counted 1182 of diein in • single oigan. llifjaiedt' 
vided boriaontaUf, by nameroos sqpta, the inian|»oes being filled up wVkt 
galatinoas fluid. Theseorgans are oopioDsljrsapplied wkfa herrea, which ait 
ehiefly branches of the par vagnm, or pnenmO'eastiic nenres. The poww.af 
oommnnicating the shock depends npon die i n tegr ky of die nerves, ftr4kt 
heart may be cut oat, and the animal flayed, widioat ks losing diis fimilff ; 
bat as soon as the nenres are divided, it vanishes entirely. The intennlf tf 
the shocks is inoreased by irritating die origin of die elcMstrio nenres wi& At 
point of a knife. The electric discharge is dirested flrom one snrfiMe ef Ait 
fish to the other, the electricity of the dorsal sorflMse being poeitiTe, andte- 
of the Tentral negatiye; and no abode is ezperienoed taaleas dKreot or iadaMl 
oommnnicatioo is made between the belly and back of the animaL A flO» 
plete separation of the two electricities on the two snrftoes does not oeoai^ai 
that portion of the animal nearest the eleotrio or^ms is poeidire^ or nepMb 
aooording to the particular surftce, with respect to those parts neaiar lhalldl 
Br. Davy succeeded in decomposing acidulattd water, and iodide of polaadai^ 
as well as of beating but not igniting platina wire, and of magnetixiagnaaAei 
placed in a spiral coil of wire, by means of onrrents flfom the toipedow 

524. In the g3rmnotu8, the electric organs are on each side doidde^ andcoE* 
tend from the head to the tail. They are each formed of kmg horiaaUd 
membranous structures, placed at a short distance from each other, provided 
with numerous transverse septa, and filled, as in the torpedo, with a gelatiooiis 
fluid. These organs are supplied by spinal nerves, in which respect it dif* 
fers from the last described fish ; these consist of 224 pairs of intercostal 
nerves. 

The gymnotus resembles an eel in appearance, and is oflen four or five feet- 
in length ; its shock is extremely strong and capable of paralyzing horses and 
mules. Walsh and Ingenhouss, in 17*76, observed a spark to pass between 
two pieces of tinfoil through which the discharge of this fi^h was transmitted. 
This was doubted until, in 1836, the power possessed by electric fishes of 
yielding a spark was again asserted by Linari; and in 1839 this statement 
has been placed beyond a doubt by the researches of Faraday, who, availing 
himself of the electric eel publicly exhibited at the Adelaide Gallery, succeeded 
in obtaining a current of sparks, by the aid or an inductive coU (423), and 

• PhU. TransactionB, 1773. t lb., 1839 and 1831. 

t Ann. de Chim., Ixv., p. 15^ joint paper with Humboldt 

i Stances de I'Acad. de Sciences, Octob. 1836. Q Ibid. 

t Abhand. der Acad. v. Berlin, 1820, 1821. 

*• Phil. Transactions, 1774. 

tt Vermischle SchnAen, p. 272. Vienna, 1782. 

$t Phil. Trans., 1839. 

H Abhand. Acad , Berlin. 1824. 

VH Uandbuch der Physiologie des Menschens, i., p. 66, Coblenz, 1837; or Bailey^ 
translation, London, 1837. 

The Tetraodon is described by Paterson in Phil. Trans., 1786, p. 382. The Trichin- 
ras is firared by Willoughby, in his Ichthyology ; Appendix, t. 3, fig. 3 ; and described by 
Nieuhof in " Zee on Lant Beise door West en Ost-Iudien," p. 270, Amsterdam, 1682. 
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S35. Dr. Faraday obtained the electricity liom the gymnotua whilst ini- 
1 in water, by raeani of eolleciQis formed of sheet copper bent into a 
I shape, Ki as to grasp gently tlie Eidea of theBnimaL Tbe1»cicof these 
klleclors were coveted with sheet cHoutchoutr, so as to insulate them IVom the 
Conducting wires, also iaaulaled by being covered with caoulchouc, 
(! soldered to each conductor. The shock was best obtained by placing 
10 of the hands near the head and the other near Ibe tail of the fish ; it was 
reyed with facility lo the nioisteneil hands by the condaclors. When ibo 
tnduding wires were connected with a multiplier, deflection of the needlee 
b 30" or 40° took place, and was in such a direction as indicated a positive 
I the anterior to the posterior ejtiremiiiea of the fish. When Ihe 
•«■■•_>,. -» allowed to traverse a short helix, a sleel needle placed within it 
tliBeame magnetic In hka manner, when the conductors were furnished wilh 
ilions, and allowed lo repose on paper moistened with a solo- 
iB of iodide of potassium, polar decomposition ensued, iodine being evolved 
id of the wire connected with the anlerior part of the fish. 
!6. On whatever pan of the animal the collectors were placed, the cur- 
rtof positive electricity was always found to pass from that nearest the 
d lo that nearest, the tail. So that if three collectors were placed on tha 
e head, the other on the middle, acd the third near Ilia 
I, the first was found to be positive with regard lo the second, which, 
with regard lotbe first, was positive in relation to the third. 
KvppeBiB that the momcm Ihe gymnolus wills the shock, the lines of force 
' rt off, diverging from him in the water, and whatever is in their course re- 
!» the sboult. Hence, if a person immerses one hand only in tlie water 
e fish, when it wills a shock, he receives the blow, although not so 
twerflifly as when in coniact with the animal. 
; SS7. The situnis is still leas known Iban the gymtiolus; its electric oi^na 
n douUe. and are separated by a tough aponeurotic membrane : Ihe most 
mal of these organs lies immediately and cr the sliin.tlie deeper one being 
Iplmided in the muscles. Tliey are bolli divided into cells; their nerves 
is remarkable, the same as both the torpedo and gymnolus, one of the 
hI by the pneumognstric, the other by the intercostal nerves. 

considered as electrical, but this is extremely doubtful. Molina* relates that 
l^n Chilian spider possesses iha property of benumbing the hand of tlie 
rho touches it. Kirby and Spcnccf mention a species of cimei, the 
lerralui, as having the power of communicating what have been re- 
ts electric shocks. An account is on record, also, of one of the great 
I annelidse, leonice gigantta.X giving a powerful shock to the person who 

"MO. Prof Galvani, of Bologna, in 1701, published a commentary "de Viri- 
Eleclricitatis in Molu Musculari," and announced those facts which laid 
foundation of that science which bears his name. He then alated that a 
pBrtieulBT form of electricity, denomtnBled by him anitaal tlKlrieily, existed 
" ill animals; and ha believed he merely excited and rendered sensiWo this 
:lrioity by coaling a nerve and muscle with melalB, but did no! regard the 
jllUter as ihe real source of the electricity. 

This celebrated pirperimcnt, altlio«gb well known, is one of really so mar- 
larkable a character that, repeat it as oflen as wb may, il can 
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300 OBOUttC ELBCTRICITT. 

Devet be looked at without a feeling of wonder and delight. Prep 
\ef» of ■ froR hy dsnuding Ihem of their skin, and airached by lEie 
Deives to ■ portion of the >pine. Allowing them lo rest on a glaas piato, i, 
place a piece of line in conmcl Mith tbe nerves, and allow the feel la real 



on a ibin slip of lilvet, •. They will of conise be at rest, aDd appear, u 
they iadeed are, dead and [nwDrlPss, . But Iheia ciisla a power which can 
be (mlled ioUi action, (zpeble of eodo wing ihese dead limbs with an apparenl 
lili». The only spell required lo Evake thia power is a piece of wire, w, ona 
end of which mu>t touch the zinc and the oilier the silver plate. InsBiiIly 
tbe legs violently conlract, and kick away tbf direr plate. 

It haa been lately staled by Prof. Matieucci, that thia curious observation 
wag not original with Galvatii, but WB9 made eome time belijte by the cele- 
braud Swatiunerdam; and the cxpcrimcut was exhibited by bim in the 
preienoe of the Grand l)uke of Tustany. 

Shortly aAw the announceinonl of ibis dieeovery, ProE Volta, of PaviB,ui 
repealing this and other analogoaa axperimenls, arrived at a different conclU' 
aion; and he showed that the electricity was really excited by ilia meul!, 
and the contraction of the muscles of tbe frog vraa only an index of its e:iin- 
eDca, He, however, supposed that the electricity was excited by the men 
aOolBOt of the metals (305), as the necessary agency of chemical action wsi 
not then recognized (3QK). It is now nearly uoiversally admitted that in 
this experiment the zinc is Hcled upon by the chloride of sodium or olb«i 
lallg existing in the fiuida with which the tissues of the frag are mDislenH). 
Although these and other discoveries of that great man obscured for a tinu 
the views and researcbea of the illustrious Galvani, attention was agun 
drawn to them by the experiments of his talented nephew, Prof. Aldini, of 
Bcdngna. He was inspired with so much zeal in defence of his uncle's tbe- 
(H-y, that he traveled through France and England for the purpose ol demoa- 
■tiBiitig the truth of his views; and, in the presence of tbe medical oSicen 
and pupils of Guy's Hospital, he in the year 1603, supported and defeadcd 
a series of propositions so satisfactorily and conclusive, i hat he was pteseniol 
by his Budilots with a gold meflnl comniemorative of his labors. 

530. PraC Aklini's propositiorts and conclusions are so importenl and of 
snoh high interest, that 1 shall now briefly refer lo some of them, as thef 
appear to demonstrate, in a most aatisfnclory manner, the existence of 1^ 
electriiaty in aiiiiaals, and, as will appear to all conyersanl with this braneli 
of physiolo^, most remarkably anticipate Ihe late researches of his country- 
man, Fraf. Maileuoci. 

PaoF. 1. — "Muscular contractions areeiciled by the development of a finiil 
in tlie animal machine, which is conducted frain the nerves to the muwles 
Without tbe concurrence or action of metals.'' 

ExF. (A.) — In proof of this statement, Aldini procured the head of a te- 
cently.kiiled ox. With the one liand he held the denuded legs of a frog, w 
that the portion of Ihe sfme si'll connected with its lumbar nerves toucbea 
the lip of the leogue, which had been previously drawn om of the raoulhof 




The circuil was oompleted hj gnuping with the othci hand, well 
1 with iBlt and water, ooe ot lbs ears. T^e frog'e lega ionantlf ccn- 
be contn£tio[is aeiaiog the iastant tlie oimut wu brokeQ b; recoov- 
■nd from the ear. 

iteiuily of these contractionB was much increased hy combining two 
heads BO as lo fbnn a sort of tniteiy, just as Matteucci Rmy jrears 
id to be the case with his pigeon and rablnt balleiy. 
E) — Aldini, having soaked one of his hands in salt and water, held 
eg hy its toe, and, allowing the ischiatic necves to be pendulous, he 
ihem in contact with the tip of his tongue. Conliactions instantly 
om a current of electricity tiBTersing the frog's leg in its route from 
0^ or cutaneous to the interna] oi mucoua covering of the body. By 
interesting eipeiimenl Aldini demonslialed the Biistenoe of the 
tutaneous current, and completely anticipated its rediscovery by 
tne five^nd-thirty years anei. 

C.) — The proper electricity of the frog was found by Aldini to be 
I to the production of contractions. For this purpose he prepared 
' ' » of a vigoions frog, and, by bending up llie leg, brought 
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lei of the thigh in contact with the lumber ner' 

r ensued. This eiperiinent is now a Ismiliar one, and has been ri 

id modifled lately by MfUlei and olhen. 



£xr. (D.)— A lifMHTO was km^ plaoad loaiid dm middl0«r die mmtX . 
narrm, and one of the nenret applied to aoomipondiiig mmdei mntr a nti o Hi 
enmed; but, on tii^tening the ligatnte, conviiWone oeued. 

531. This last itatement is very important as upon Ha aoooiaoy or enar 
depends what has been regarded as one of the tests of the identity or diTe^ 
sitj of the electric and nenroos ageneiea. It waa repeated soon after AkUni's 
apnoancement of the iaot by an Italian physidaa of celebrity, Signor Yalli, 
who oommenced his researches indeed in 1792,* only a year after the pub* 
lioation of Galvani's disoovery, and he ibond if die ligature were applied atsr 
tkawmadt U did not aUowthn eotiiratiwntojKimr^btit if nearer ikt tpimU did itd 
frmmU it. This was afterwards corroborated hf munboldt I may hore re* 
mark that it has been since fband by Professor Matteoooi, tbatif oarejbe taken 
to insulate the nerve, a ligtture does arrest the oootmction, as well as tho 
passage of a very weak artificial electric current. ^^ 

532. We must not in this place pass over in silence die nenro-electric dieoiy < 
of GalvanL He assumed that all animals are endowed with an inhenol '4 
electricity appropriate to their economy, which electricity secreted by die bnBb^' ] 
resides especially in the nerves, by which it is communicated to eveiy paitdf '^ 
die body. The principal reservoirs of this electricity he considered' to be dii 
fibres of muscles, each of which he regarded to have two sides in Oi^podH 
electric cooditions. He believed .diat when a limb was willed to move^ As 
nerves, aided by the brain, drew from the interior of the muscles some eb^ 
tricity; discharging it upon their surftoe, they thus contracted and pvodooed 
die required change of position.' This theory was adopted and deAmdCsd |y 
Professor AldioL 

Talli, to whose experiments I have befive referred, believed the neai^ 
electric fluid to be secreted by the capillary arteries supplying die nerveS|''li!|' 
which it became conveyed to the muscles, which he believed to be aHi^ 
in an electric condition, the interior being negative, the exterior postdve. m 
also noticed the curious fact, that in experiments on fW)g8,the nerves kweUr 
irritability to the stimulus of electricity at their origin first, retaining it kngeit 
at their extremities ; and on this hazarded an opinion that probably the distal 
extremities are really the origin of these structures. Both these statement 
are of deep interest ; the former from its bearing on the late rjSsearches of 
Professor Matteuoci, the latter from its curious connection with some views of 
Dr. M. Hall, regarding the peripheral origin of incident nerves. 

533. It may now be asked, what proof do we possess that the action on 
muscular fibre to which I have alluded, where no metals are employed, is 
really produced by electric currents? One great evidence in fevor of this 
opinion is at once found in the fact, that contractions produced in frogs can 
only be excited when connection is made between a nerve and muscle by & 
conductor of electricity, all other bodies interfering with the production of this 
phenomenon. The only thing amounting to positive proof before the re- 
searches of Matteucci is an experiment of Valli, in which he formed a sort of 
battery of fourteen prepared frogs, and by the electricity thus accumulated 
succeeded in producing the phenomena of divergence in a delicate electro- 
meter. It is to be regretted that no accurate account of this experiment has 
been left on record ; for if true, it must be regarded as most satisfiwJtory in 
proving the identity of the electricity of the frog with that obtained from other 
sources. 

634. The recent researches of Professor Matteucci,t of Pisa, have, however, 
completely set this matter at rest He has incontestably proved that currents 

* Wilkinson's Galvanism, 8yo. London, 1804. Page 49, vol. L 
t Philosophical TransacUous, 1845^ page 283. 
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tridly are alwftjrs drculatiog in the animal fhone, and not limited 

to oold-blooded reptiles, but are common to fishes, birds and mamma- 

rom the reaeardies of this philosopher it appears that a current of 

Fig. 271. 




t electricity is always circulating from the interior to the exterior of a 
; and that although the quantity developed is exceedingly small, yet 
avranging a series of muscles having their exterior and interior sur- 
temately connected, he developed sufficient electricity to produce ener- 
fects. By thus arranging a series of half thighs of frogs, he succeeded 
nposing iodide of potassium, in directing the needles-of a galvanometer 
and by aid of a condenser caused the gold leaves of an electrometer 
"ge. When more delicate tests of the electric current were made use 
* existence was demonstrated in the muscles of all animals, and even 
himself. Dr. Wilkinson* calculated that the irritable muscles of a frog's 
re DO less than 56,000 times more delicate as a test of electricity than 
the most sensitive condensing electrometer. Dr. Wilkinson found that 
ices of zinc and silver, each presenting a superficial surface of j^^ inch 
m1 violent contractions in the leg of a prepared fVc^; whilst two large 
plates of zinc and copper required to be brought twenty times in con- 
h the condenser, before any sensible divergence of the gold leaves of 
urometer was produced. By conlparing the area of these plates, multi- 
f the number of contacts, with the superficial surface of the minute 
>f zinc and silver employed to affect the frog's leg, he arrived at the 
ion I have just related. 

Prof. Matteuoci availed himself of this circumstance in his contrivance 
of the frog galvanoscope. This is made by skinning the hind 
272. leg of a frog, and separating it from the trunk, taking care to 
leave as long a piece of sciatic nerve projecting as possible. 
The leg is then placed in a glass-tube, the nerve hanging over. 
In using this contrivance all tliat is necessary is to let the 
piece of nerve touch simultaneously in two places, the part 
where electric condition is to be examined. If a current exists, 
the muscles of the leg will become convulsed at the moment 
of contact. 

In this way the Professor detected a current in man, by 
making a clean incision into the muscles of a recently ampu- 
tated limb, and bringing the nerve of a frog galvanoscope in 
contact at once with the two lips of the wound, contraction 
instantly occurred. 

536. In pigeons and fowls, as well as in eels and frogs, 

currents were readily demonstrable; indeed, by alternating a 

f the former by approximating their sides, the raw surface of the 

of which had been exposed by a quickly made cut, Matteucci formed 

• Elements of Galvaninn. 1815. 8vo. Vol. ii p. 316. 
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itm catpctimettt tfuM piow^d that teeyap WBMiai otIKjmI ia hot lawtiai 
colMlooded MuiDBlfti Iiideed,iiioieiiiiieiMe^tl"t'*«iTK"n'diiiippaning«i 
die dflttdi of tbe ftnimaL 

• 637. Bf mewM of tbe fto^ sBlTuionopa (839), not obHj ^ eKJUnaoe bol 
die direction of aeorreiit oan be diaoorered; ftr if ihelflffbelDaptfbrmrihiiC 
time befbre uaang it, » as to • Uttle diminiih its aeocibili^, die m«nlei win «oih 
ttaet on wdKiy comact witli die body under gframinrtion, if the elaptrin^rp— w. 
float the nenre to the leg, whilst it will oontraot on I r a a W w y ooutaot if dM 
eleocridtf is moTing in the opposite direction. Using this detionte test fiiraa 
elaetrie current, Matteooci disooYerad that the int ensity of sooh c nn o nt s riMi 
in propo rti on to the laak occupied by the aninml In the soale of being,.1lMir 
doimtioii after death being in the inTerse latio. The Professor diMoveraddMl 
when a mass of mnsde belonging to a living animal, or one reoendy dead, 
was placed in contact with a piece of wire so that one end of it toodiedtlii 
tendon, and the odier tbe body of the musole, a current could always ht 
detected circulating in the mass in the direction from die tendon to die mtenfel 
snrfece of the structure. He further demonstrated the rery importauffto^ 
that eTerytbing which decreases the va vHm of the animal diminishes Ae 
eridence of electricity immediately after death. Thus, when ftogi won 
lulled by asphyxia, either by immersioo in sulphuretted hydrogen, ot water 
fteed from air, the electricity detected in their femoral musolee-snnk.to a mini- 
mom; whilst the thighs of frogs whose hearts had been previooaly ie m d fad 
gSTe leis cTidence of die existence of this important agent than djose wfaioh 
Lad not been thus injured. 

538. We have seen that certain fishes (529) possess a peculiar appaiatM 
by which they are enabled to accumulate the electricity doTdoped by the 
"Vital processes going on in their structures, and thus produce the ordinarily le* 
oogniaed effects of tension, as shown in the beirambing shock felt on grasping 
a torpedo or silurus. This endowment is, however, peculiar to very few 
creatures, and all tbe electricity developed in the frames of other organis^i 
is only to be detected by comparatively delicate te^ts. It is, however, very 
remarkable that in the batrachians generally, especially the ilrog, an electrio 
current, denominated by Matteucci the proper current^ possessing some approach 
to tension, and capable of deviating ihe needle of a galvanometer to 5?, can 
readily be detected ; its direction is always definite from the feet towardtiB the 
heail. This curious and remarkable fact was, I believe, first pointed out by 
Nobili, but accurately studied by tbe Pisan philosopher to whose researches 
I have eo often referred. 

539. The ditferent structures of the human body in common with every 
ferm of matter, contain a large quantity of electricity in a state of equilibrium. 
Its existence can be easily demonstrated by merely disturbing this conditicm. 
The readiest mode of doing this is by drawing a comb through the hair of a 
person insulated from the earth by a glass stool (302), and in oommtinicatioa 
with a condensing electrometer (375). At each stroke of the comb the con- 
densor will become powerfully charged, and on removing its uninsulated 
plate the gold leaves will diverge most actively. In frosty weather the elec- 
tric equilibrium is so easily disturbed in this manner that if a person comb 
his hair before a looking-glass in a dark room, a torrent of sparks will be 
visible with every movement of the comb through the hair. 

540. But tliere is, however, another state in which electricity exists in ani 
mal structures — a dynamic condition, electricity in a free state or in the state 
of current This evidently is not anything superadded to the body, but is 
merely the electricity normally existing in a state of rest and neutral condi- 
tion, decomposed by some cause or series of causes, by whk^ its positive and 
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nogiCiTe elements are sepanted, their attempt at reunion to reconstitute the 
nentml eleotrioitjr giving rise to the phenomena we have been investigating. 

It is DOW an inoontrovertible fact that no chemical change can possibly 
occur without a disturbance of electric equilibrium (395) ; and many pro- 
oetsea of this character are going on in the body. The first in point of im- 
portance is the union of carbon with oxygen to form carbonic acid. In the 
nspiratory piooessi this acid, in the form of gas, is, with aqueous vapor, 
evolved firorn the lungs, in addition to a considerable quantity which exhales 
with the perspired vapors from the surface of the skin. It is nearly im- 
possible to determine the quantity of carbon thus evolved in combination 
with oxygen with any great accuracy; but it seems pretty certain that about 
thirteen or fiMirteen ounces are thus got rid of in 24 hours. During this 
period the greatest proportion is taken in with the ingesta as mere carbon, 
and undergoes oxidation in some part of the animal i'rame. By this union 
with oxygen, carbonic acid is formed and evolved. Now we liave already 
seen (375) that, if we allow a piece of charcoal to undergo combustion m 
connection with the condensing plate of a gold-leaf electrometer, the gold 
leaves will soon diverge with free negative electricity, whilst the stream of 
carbonic acid escaping from the burning charcoal carries off with it free 
positive electricity. It is true that the carbon does not, during its union with 
oxygen in the animal frame, become red-hot and burn with a visible flame; 
but this does not constitute a serious objection to our regarding tlie genera- 
tion of carbonic acid as one source at least of the excitation of free electricity, 
for the disturbance of electric equilibrium does not depend upon the light 
aiitl heat evolved, but from the act of union of the carbon with the oxygen. 

541. I have here only alluded to the oxidation of carbon; but we must 
leoolleot that hydrogen, phosphorus, and sulphur— elements constituting im- 
portant and efMentUil ingredients of our food — are also thus burnt off and 
uxidated in the body. These must, like the carbon, become by this very act 
sources of free electricity. But a more important influence disturbing electric 
equilibrium is found in the series of decompositions which, in the physiolo- 
gical condition of the body, are always in action. It is impossible that any 
two elements can be rent asunder without setting free a current of electricity, 
whidi, insignificant as it might theoretically appear, is nevertheless com* 
petent to the production of many important phenomena. As one among 
many examples, I would cite the case of cotnmon salt, which plays so im- 
portant a part as an article of food, and for which perhaps alone, of all con- 
diments, a universal appetite exists. In addition to the proportion of this 
substance which enters the blood unchanged, and becomes an element of all 
the secretions, a jiart is decomposed, and one element in union with hydro- 
gsn appears as hydrochloric acid in the stomach; anotlier, in union with 
oxy^n, constitutes, as soda, an important constituent of the bile. What, it 
may be inquired, can be the influence of these apparently infinitesimal evolu- 
tions of electric matter, evolved tlius from the resolution of a few grains of 
salt and water into its elements? But it is easy to produce a mass of evidence 
to show that these small quantities of electricity are more so in appearance 
than reality. A reference to the powerful electrolytic influence of weak cur- 
rents wilJ prove this (400, 445). 

54*2. It is a remarkable fact, that when an acid and alkaline solution be so 
placed that tlicir union be eflucted through the parietes of an animal mem- 
brane, or indeed any other porous diaphragm, a current of electricity is 
evolved, the causes of which disturbance of electric equilibrium has already 
engaged our attention (450). 

. Now, with the exception of the stomach and ccecum, the whole extent of 
the mucous membrane is in the human subject bathed with an alkaline mu- 
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^iialing «n ■rffi JlnM, «aiipt in tfaa MJIlMy Mi^ p*A^M pohiB ftagiflBfc -^fllA' 
mMi of the animal fnune is tfaue plaoed b e i wee a two graat flBT«lopa;te 
one allcaliiia, and Uie ocbor acid, meeting ooljat the montli^iiQatrlb^uid aaHL 
Tbii anrangement has been shown by Donnf* to l>e^jqiiita oompgiBOttP Aa 
evohition of electricsit/, and aocxMrdinglx he fbond diat if • ptatiniip plMto tah 
nected with the galvanometer be held in the mondi; whilst li second bis pi eti 
against the moist perspiring surfhoe of the body, the needlea will innaiitly tdfr j 
Terse, just as they did in the experiment I haire jost shown widi Mid Mid ] 
alkah. The current thos detected by DonnA at onee ezptstins the oiase anl 
ooofirms the aocnraey of the oelebmted ezperimeiit of Profeaaor AMfol^itt 
which he ezdted oooTulsions in a frog by hoiduig its foot in the tiWIwiw i I 
hand, and allowing the sciatic nenre to touch the toogoa. His omrioaB eiipii» 
liment with the head of an ox admits of a siihilar explanation (632). 

043. Within the last few months, the resuhs of some l es e ar e hes of LieMgt 
have rendered it very probable that a large p roportion of die eleolridtf of 
mnsoiilar stroctares is owing to the mutual rea c tion of an aeid and alkalfte 
fluid. The blood, in a healthy state, exerts a decided and well marked aOn* 
line action on test-paper : now it is remarkable that althod|^ a piece of mas* 
enlar flesli contains so large a proportion of alkaline btood, still that whea 
chopped up, and digested in water, the infhsion thos obtained is aotteUy aoid 
to litmus paper. This curious circnrnistance is explained by the not iai' 
nounced by Liebig, that although the blood in the vessels of tibe imMole M 
alkaline from the tribasic phosphate of soda, yet the proper floida or SeontiaBi 
of the tissues exterior to the capillaries is acid from the presence of free phoa» 
phoric and lactic adds. Thus in every mass of mnsde wa hav« inyiisNls of 
electric currents arising fVom the mutual reaction of an acid fluid eartaifor tb 
the vessels on their alkaline contents. Whatever may be the ultimate desli* 
nation of tliis large quantity of electricity, it is at least remarkable that a tnn*^ 
ole should be really an electrogenio appamtus. We have thns twO sooroesof 
the electricity of muscles — the effects of metamorphosis of efiete fibres on the 
one hand, and on the other the mutual reaction of two fluids in different die* 
roical oonflitions. It is certainly curious thus to find a muscle, an organ long 
regarded as the motor apparatus of the bony levers of our frames, invested 
with new properties. In the course of twenty-jbur hours, a considerable pro- 
portion of watery vapor exhales from the surface of the body. This has been 
variably estimated, and in all probability is liable to great variation, but from 
thirty to forty-eit^ljt ounces of water may thus be got rid of from the system. 
It is more than probable that the evaporation of this amount of fiuid is suf- 
ficient to disturb the electric equilibrium of the body, and to evolve electricity 
of much higher tension than that set free by chemical action (386). Evapo- 
ration may thus probably account for the traces of free electricity generally to 
be detected in the body by merely insulating a person and placing him in 
contact with a condensing electrometer. Pfaff and Ahrens generally found 
the electricity of the body thus examined to be positive, especially when the 
circulation had been excited by partaking of alcoholic stimulants. Hemmer, 
another observer, found that in 24*22 experiments on himself, his body was 
positively electric in 1252, negative in 771, and neutral in 399. The causes 
of the variations in the character of the electric condition of the body admit 
of ready explanations in the varying composition of the perspired fluid. For 
if, containing, as it generally does, some free acid, it by its evaporation would 
leave the body positively electric (386), whilst it merely contains neutral salt^ 
it would induce an opposite condition. 

* Becquerel. Troitfe de I'Electricite, vol. iii. 

t Comptes RenduB de PAcademie, Jan. 18 and Feb. 8, 1847. 
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5'I4, IrdspendBQlIy of eombustiiHi, ch emical action, or evaporation, the mere 
oontaci of heten^eoeous organic matters ia competent to dislutb electric equi- 
librium. Thus a pile of alternate slices of loiisculnr tissue and brain, with 
pieces of wet tealher interposed, has been found b]r Lagrave to nvulre else- 
tricit]'; and Dr. Baconio, of Milan, has sliown that a few altecnatioos of slices 
ofbeel-rool and woodof Ibe walnuMreo were capable of setting free aufficietit 
electricity to ejiciie convulsions in a frog when conveyed lo its muscles by 
means of a eonduetor formed of a leaforsctirvy grass. Matteucci has thrown 
out ibe Euggesiion, tliat the organization of a muscle is possibly such as thus 
by heterogeneity of structure lo account fur the lievelopment of electrieiiy ; be 
considers the analogy between the voltaic armngements and the conslilutiou 
of muscle to be complete, if we conceive the zinc, or oiydizing plate, to be 
represented by the true fibre, the platioum, or conducting plate, by the aaroo- 
letnma, and the exciting Quid by the blood. 

545. Seotetiona and nervous agency have always been the favorite pheno- 
mena which electricity has been called in to explain, and with some con- 
■iderBble appearance of probability. Dr. Wollaston, tliiriy-sii years ago, first 
mggested bom the re-solulion of salts into their elements under the iofiueucc 
of feeble currents, that secretion depeniled essentially upon the electric stats 
of the secreting glands ; be thus regarded the kidneys as constituting the posi- 
tive and the lever the negative electrodes of the electric appaxaius of the 
bodj. A curious anecdote is related of Napoleon, who is said Ijy Cliaptal to 
have remarked, on seeing Ibe voltaic battery of die French Academy in ac- 
lioo," FoiW, (foefmr, ftmag* dela vie; la rolotuuvtiiibraltit li pole, la vtitii le pole 
petiti/, tt It/oit U poU ntgatif." We must admit that a greater hiaiui eiists in 
every argument which assumes that nervous force and electricity are identi- 
cal, Iram the fact that delicate bb are our tests for this agent, it has never been 
Bctually delected traversing the nerves. It has indeed been stated, that on 
oonnecting needles plunged in Ibe nerve of a rabbit with the galvanomeler, 
and exciting the muscles of the limb to contract, currer>ts have been detected. 
Olber observers of high repute have staled that a steel needle plunged in a 
nerve becomes magnetic during the contraction of the muscle il supplies. 
Both these gtatements have been rigidly tested, end have been fonnd utlatly 
unmppoTted by the results of careful experiment 

HO. There is, in connection with this hypothesis, a most interesting and 
imponont observation of Ptofeasor Matteucci, to whose ingenuity and patieace 
we are so largely indebted^ ibis pbilosopher inlnxluced a plate of platinatn 
into the stomach of a living rabbit, placed another on the liver, and connected 
both with a galvanometer; tlie needles instantly traversed an arc of SO", 
proving the existence of a powerful current between the liver and stomach. 
This, it maybe observed, shows the existence of a eurrait, but does not prove 
wheiher it ii to be regarded as an effect or a cause of the chemical changes 
alluded to, for it has been already shown, that when an acid and alkaline 
fluid are separated by permeable structures, they aotually develop a current 
of electricity; and as the stomach contains an acid, and the liver an alkalina 
secretion, this might aliard an explanation of ihe current observed by Mal- 
lencci ; and bad the experiment ended here, this plausible objeetioo would 
have been a fatal one. But the nerves and vessels passing into the abdomen 
were divided above Ihe diaphragm, and in an instant the needles of the gal- 
VBtmmeler wore deviated to 3° instead of 20°; and on culling off the head of 
the rabbit by a sudden blow, even diis little deviation nearly completely 
vanished. Nothing could he more conclusive than this experiment in proving 
that the electric current was the cause, net the effect, of the chemical meta> 
niorphosiB of the saline ingesta, whose decomposition furnished aoiil to tbo 
tianiach and alkali to Ibe liver. How this current is excited is unknown, 
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although it can bnrdljr be doubled that one or the caasea whicb we han 
Blreail; eKaniiiieil ii I'OiDpelent Toi iLis purpose; but then thete lemaiDB the 
difficulty of pointing oul ihs roulo laken by the curienl to leacb respedirely 
the liver imd suHnacb, fbi (lie pneumogBiUia neiTes,al least in man, camiot, 
thMu tfaeir BoatDimcBl dislribuuon, eiplain IfaiL 

647. Sir John Herschel ho* beautirully exptesied tlie possible retatiDn be- 
twenn galvanic eledriciiy and ihe vit nerraia, and hluta at ilie bmio being 
either the organ of secretion, or at least of Ilie applicatioD of tbii afrenl: ad- 
ducing in illustration (he dry piles, aa Ibey are leimed, of De Luc and Zam- 
boni (431), and [enmrliB, Ibal "if Ih« brain be an electric pile canglaiuly in 
action, it may be conceived to ditchaige itBolf at regular intervals, when Ihe 
tonuon of the- electricity reaches a coitain point, along the nerves which com- 
municau wilh the heart, and thus to excite the puliation of that organ." By 
the " dry pile'' a tnJl may be kepi in motion for many years, without any 
«bvious WBslo of power, and some snatogous arrangement would conatinita 
the most conatant and eoonomjc primuri mebiU of a moving organ which the 
leaouicea of limited human reason can suggest. Dr. Arnon has also hinted at 
some such cause being iheaclive agent which keeps up the regular pulsatioiis 
of the heart. 

S4B. 1( would be quite out of place in a woric intended for the general stu. 
dent to enter into any coosidetalian of the interesting but striolly pbyaiologial 
inquiry nf the relation eijsiing between nervous agency and electiioity. Il 
may be sufficient to stale, thai although forces are most certainly nol idenlkaj, 
•till lli^re is a vast amount of evidenoe which supporlathe idea that they bear 
lo each other the relation of cause and eSect. In the lectures I had the honor 
of delivering before Ihe Royal College of Physiciana^ of this year (] 847} I 
entered ai Ihlty into (his question as our present state of knowledge permitted, 
and to those 1 would refer the aludenl for further inrormation. 

&49. The vital functions of vegetables appear to bo frequently attended 
with a dimurbance of electric equililwium, BufEoient lo evolve even sparks, at 
lean if we are lo beUev^ reports on this subject. Pouillet has satis faclorily 
proved thai eleotriuity is evolved during germination, and Dr. Dotaii basahown 
that currents may be detected by means of a delicate multiplier, in all ripe 
fiuilB, passing between their haiea and apices. 

From a few observations made by myself on this Enbject,j- 1 arrived at the 
Ibllowing conclusions : — 

1. The great improbability of vegetables, on account of their feeble insnll- 
tion, ever becoming bo obarged with electricity as lo aflbrd a spark, and &» 
prubaUlityofihoae luminous phenomena aaid lobe eihibited by some planli, 
depending on other sources thon on olecirioity of tension. 

a. That electric outrenta ofveryfecbtt leniim are always circulating in, owi 
exerting their influence upon, vegetable lisaues in every stage of their develop- 

3. That electric currents ere developed duruig germination, and aasial in 
producing the Important chemical changes proper to thai prooesaj and ibalby 
causing the seed to assume an oppositely electric slate, we retaid or oheck in 
development 
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NOTE. 

On the fabjectB treated of in this chapter, the student should refer to Beo- 
qnerel, Tkaita^ toL Iv.; and to the first volume of MuUer's Physiology. The 
•eoond TOlmne of the Trait^ complet de Pbysiologie, of Tiedemann, contains 
nme interesting inihrmation on this subject; as also Part v. of section Ti. MQL- 
ler'a Phyincs. 



CHAPTER. XXI. 

UKPOLARIZED LIGHT. « 

(THXOaXTICAL GOHSIDSRATIOKS AKD CATOPTRICS.) 

Tkmriti of Kghiy 550. VhdukUory hypothesis, 551—555. Vebcity of light, 556. 
iMmimma and optique bodies^ 557. Photometry^ 559. Colors, 560. Light 
evohtdfnm every point, 561. Rays, 562. ModificcUions of light, 563. Jmw 
ofrffUmony 566. Ratio of incident to reflected light, 567. Specula or minors, 
Od8. Jti^kction from plane mirrors, 569. Inuiges formed by, 570. Series of, 
pndmeed by two specula, 571. Reflection from concave mirrors; Focus, 572 — 
574. Bi^MCtion from convex surfaces, 575. Caustics by reflection, 576. Form- 
atkm ofimagtt 6y concave mirrors, 577 — by convex mirrors, 578. 

550. Som doubt and obscurity still remain over the actual nature of light, 
notwithstanding the innumerable observations that have been made upon it. 
Passing over the theories, or rather vague ideas, of the ancients, we find three 

' diflerent hypotheses have, in modern times, attracted most notice. The first, 
■nd till within the last few years almost universally adopted, was that of 
Newton; according to whom, light consists of an emanation of infinitely 
minute particles of matter, thrown ofi* from the sun and other self-luminous 
bodies, with an enormous velocity, and capable of exciting similar emanations 
from bodies upon which they impinge, and by which such bodies are rendered 
visible. The second theory, being that toward which philosophers of tlio 
present day generally incline, is a modification of one proposed by Descartes, 
iod adopted by Huygens, Euler, and our late talented countryman, Dr. Young. 
This hypothesis regards light to be the result of undulatory or oscillatory move- 
ments, in the ethereal or imponderable medium, filling up tlio interstices ex- 
iiting between the molecules of ponderable matter, and extending into space, 
beyond the confines of our atmosphere. This undulatory theory, as it is 
termed, is capable of afibrding a ready solution to certain phenomena, to which 
the Newtonian hypothesis of emission is, at least at present, to a great extent 
inapplicable, and, on that account, has received the support of most philosophers 
of the present day. The third theory, proposed by Oersted, regards light as 
the result of a series of electric sparks: this has met with but few supporters. 

551. According to the undulatory theory, the evolution of light is supposed 
to be produced by the oscillations of tlio universal ethereal medium, existing 
in the interspaces between tlie atoms of every material substance, and extend- 



twglwynirf tha coiilinai of our ■U no i phera imb Jnftnlli'ipifti^fa Aa 
nuumer at toand is piodooed by the ▼ib wii oot of tte denut modfam, or jdi^ 
ooottitnting oar atmosphere. The moramenta tfam coDoHad In 6ia maSatitilff 
■obila and elaitio mediom, or ether^ are laadUy oo mmuni Batad to whal li 
oidinarilf termed a vaoaara. but which is nally fillad wifli tfaii UaganSmt^ 
ija matter, as well as «> transparent bodiesi fagr cansbig; iH all pidbafaili^,l^ 
particles, as well as those of the insterstitial' ether, to* aasmw an oscOJataif 
morement The ethereal medium ooatained widiin the interstiGal spaces « 
transparent bodies is less elastic than that contained in Tacoo, and AAb Mp' 
tieitjr appears to diminish with the increase of the leftaotiTe power of tte 
iobstance. The remarks already made on the yibratioos of solids (77), and 
the undulatory or waTe-like moticms of elastic (306) and non-ela^io fluids 
n73), will render oar conceptions of the nature of analo0Oiis movements in 
toe eminently elastic non-gravitating medium called ether nnore easy. Indeed, 
it is necessary to add but little to the descriptioa already given of the wave- 
like motions assumed by air under certain dreumsianoes, remembering of 
course that the excessive elasticity and tenuity of this ether permits it to as* 
flume the peculiar moTcments under consideration with almost inoonceivaUe 
flicility and rapidity. 

552. On the impression of any applied force each particle of ether, which 
is assumed to be spherical, oscillates laterally rather than Vrndnlates. So that 
h becomes alternately extended and depressed at its poles and equator, as is^ 
the case of the elastic ball of ivory befiite described (17). In tfaisla tenh 

oscillatory trembling motion of the partide of ehsliB 
Fig. 273. fluid, its extension in one direction corresponds lo die 

phase of elevation of a wave of water (172); and its 
phase of contraction, in the same diroctioo,to the d^ 
pression of the same wave. -Thus, the movemenls 
of luminous ether are rather trembling, or oecillaioiy, 
than undulatory. And such movements become com- 
municated to distant particles without the interme- 
diate ones becoming moved from their places, in a 
manner similar to that in which an impulse comraa- 
cated to the first of a row of ivory balls acts on the 
terminal one, and causes it to assume motion (76), the 
intermediate balls remaining unmoved. 

553. If light be propagated from a luminous body ▲ towards a, its emsBS- 
tion from one point to the other will be effected by all the particles of ether 
lying in its path, assuming an oscillatory or undulatory movement The ps^ 

Fig. 274. 
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tide of ether at c will first commence to oscillate, contracting and dilating si* 
ternatelyat its two diameters ns shown above; this motion will be propagated 
to D, thence to k, and so on. These motions of the ethereal particles will thus 
cause the whole line ab to become luminous. 

654. A little reflection M'ill show that ihe ultimate effect of these move* 
ments of contiguous particles will produce ns a result a progressive vibration 
(79) ; the vibration or pendulation of each particle being perpendicular to the 
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path of the vemltuit im^. Now it is obrioiu that in the aboye diagram the 
partiole o will complete its vibrntions at the instant o commences its motion, 
mad m> on with the others; thus cso and df will be vibrating cotemporap 
neonsly in the same direction, whilst co, sr, and o will move in opposite di« 
xeotioDt. To compare these movements with the different phases of a wave 
of water (172), let us take six vibrating atoms of ether as before, ab, cd, fv. 
Now AOB will be dilating in one direction whilst bdf will be dilating in the 
opposite. Hence ab, as well as co, sf, will be in opposite phases at the same 
time, and their motions may be compared to that of a progressive undulation 
of • lope (78), as shown by the curved lines in the figure ; the distances w v 

Fig. 275. 




will be equal to the length of a wave or undulation, whilst 10a and av will 
be equal to half a wava We further learn that all the particles of ether in 
the path of a ray of light which are at the distance of 1, 2, 3, 4, &c., waves 
ue undulating in the same, whilst thus J, IJ, 2^, 3), &c., waves distance are 
undulating in the opposite direction. In the consideration of luminous undu- 
lations, they must be regarded as propagated in all directions in an infinite 
series of planes round the luminous body, just as has been already explained 
in the case of atrial undulations (206). 

555. The waves of light, like those of sound (219), are thus transmitted in 
I OTeiy ^direction, extending on every side of the luminous body, with an inten- 
sity inversely as the square of the distance (222). Whilst sonorous vibrations 
are conveyed to the ear, through the atmosphere, by the particles of air com- 
paring the latter assuming a similar wave-like movement, the luminous body, 
u the sun, or a lamp, by exciting an analogous undulatory movement in the 
^ nniveraal ethereal fluid, (which becoming conveyed by contiguous particles, 
f eventually reach the eye,) conununicates the sensation of light to that organ, 
in the same manner as sonorous vibrations convey the sensation of sound to 
die ear. Thus, the cessation of undulations, or repose of the ether, produces 
darkneae; as the absence of similar movements in the air produces silence. 
It has beeoi objected to this theory, that if true, light ought to bend round opaque 
obstacles, in the same manner as the waves of water find their way round 
fixed obstacles, and be communicated through curved tubes, like sound, and 
consequently that no true shadow ought to exist These objections, however, 
■re more apparent than real; for, taking the case of sonorous vibrations, we 
find that they do not bend round obstacles with facility, and that an acoustio 
shadow doe»really exist Thus the sound of a rapidly moving carriage becomes 
less distinct as it turns the comer of a street; and sounds passing through water 
are still more readily obstructed (229). The existence of an acoustic shadow 
may be better shown by vibrating a tuning fork, and holding it about six inches 
ftom the ear; suddenly interpose a piece of card between the latter and the 
soondittg body, instantly the tone will disappear, and on withdrawing the card 
will again become audible, and so on. In the case of curved tubes, we know 
that whilst sonorous undulations are readily transmitted through them, those 
of light are completely excluded ; for no one can see through a bent brass pipe. 
Bm, in this case, it must be recollected, that the sides of the tube, whilst they 
24 



MavCBMnMaAdanily npidio produce liuhL Thoie is no ditSuvltj in senng 
«b^MM lluoaili ■ tube bent Iwjce at light BDgles, providing four pisne nir- 
■m an pnparijr placed in in ioierioTj end it » cenainfjr st least pcssibla, 
Am li»lii« an not visible thnMigh bent tubes, becaute the opBijae subnancn 
«f wUok they an camiKHed uille und check wijr tuimnou* uDdulationa (SSI) 
tetany anMl ibem. LbsiI^, wbiJst kukirmh undulations are Ihua shown 9) 

Cltomd indaMw obanclea with extreme difflculir, those of ligbi ua aqi» 
dC w a certain eximt, passing round the ed| — '' ' 

Miiag ibeiT shadow, as sbovD in the phenonit 
(«*> 

&06. Lmninaiu andDhiioms (or, in other words,lii^t,} ere propagated Aoa 
A* Ban, thiousb space and lo the nicrace of our globe, with an euormao)*^ 
bdir, at the tats ftf about t91,SlS, or, in round numbers, 102,000 miles (fr 
■eooMt; and this motion is the same for light eiolved from the moat dislsijl'. 
flxed suj as for that fran the nearest self-luminous body. This rale of pRf- 
agiikni of lighi wus flrtt ilisiv>vered by Olof Roemei, a Danish asuoiumst, 
in the yeai 1678, -when obscrviim the uccnllalioa and einersioii of the sud- 
Utaa of Jupiter. He found that when the eanb was direcll; receding is iH 
•rtst (hvn that planet as from i lo a. the emersioo of iu Srst moon fa, fim 
ta shadow at N,oocuiTed IS seconds later ihan tba oaktilaied tioM. A 

Fig. 976. 



make this clear, let us mppoae that on obserrer on the earth at a, waldM 
the immersion of the satellite m into Jupilei's slia^Wj now it is known Son 
(be period of its entire revolution, that it ought to emerge at m in 43 heats, 
38 minute*, 35 seconds; but if at the ctmI of that lima the obseiTer S|ais 
looks, lie will have to wait 16 seconds later before he will observe the emsp 
fence of the satellites at m. The reason of this is that in 42h. 28' 3S", dn 
earth will have moved in its oibit from 4 lo a, a distance of 2,880,000 milN> 
and the fifteen seconds were occupied by the ligbt of the emerging mccolo 
avertake the earth. Iti like manner when in the opposite side of its elUplis 
path, the earth advances towards the planet, the cmergencD of its moons will 
appaai to take place propotiionably earlier. The light of the sun oonsequenllf 
nquires S minulea 13 seconds 10 leadi the oailh, whilst that t^f the plsnct 
Heiachel occupiea S hours 40 minules in traveliiig lo us. At least ui j«u< 
are required lor the light of the nearest Bled star to reach us, and it has beiB 
aupposed that there may exist Qied stars so distant that their light naj nam 
yet have reachsd our planet, and conseijnently they remain invisiUe to in> 
Were a new flied star at the distaiwe of Siriua to be created, we should DSl 
be aware of it lutil six years had elapsed, and were Sirius iiself to be aunt 
hilated, it would stillappearlo us to exist IbrBS long a time aAer its destnwtkik 
957. All bodies may be diviiled into those which are self-luminous, i. «i 
eainbls of exciting luininoDS undulations of themselves, as the son, tx ■ 
Ughtsd lamp; and those which are cpayui, and only become luminous id lbs 
prasBdce of the former: thus the moon and planets are opaque bodie*,ilid 
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U6 Imninons only in oonseqnenoe of the presence of the sun about which 
they leTOlTe. A great number of bodies possess the property of intercepting 
the paMBge of light, and thus producing a shadow by obscuring the substance 
fiom which they intercept the luminous undulations. These shadows are, in 
gieimal, bounded by right lines, or present the same figure as the sections of 
die intercepting bodies, in consequence of the difficulty of luminous undula* 
tiona extending round obstacles. Such bodies as permit light to pass through 
them are termed tratupareniy in opposition to those which intercept it, consti- 
tilting opaque substances. 

558. Non*luminous bodies become luminous in the presence of self-lumin- 
ona Bubstances— either, if sufficiently smooth, by reflecting the undulatory 
movemeuts back into the ethereal medium, or by having vibrations excited 
in the imponderable matter contained therein, or perhaps even in the ma- 
terial structure of the body itself, which, if sufficiently rapid, become com- 
municated to the surrounding ethereal atmosphere. Thus then bodies are 
not rendered visible by anything giving oS from a luminous source, and im- 
pinging upon them ; but, by the undulatory movements arising from the al- 
ternate condensation and expansion of ether communicated to contiguous par- 
tioies, and thence to the opaque body, whose included imponderable matter 
assumes a similar movement, and thus the body becomes in its turn a source 
of fresh luminous undulations. 

559. The intensity of illuminations of any body in the presence of a source 
of light will depend upon its distance from that source, and obeys the general 
law of radiant forces as attractions (21), tht intensity of the light diminithing at 
ike aquare of the dittance of the luminous body. Thus, if a single candle illu- 
minates a body to a certain extent at the distance of a foot, it would require 
finir candles at a distance of two feet, and of nine at three feet, to produce 
eqnal illumination. 

It is often important to be able to compare the intensity of two sources of 
light, and for this purpose instruments termed photometers have been con- 
trived. Of these the most perfect is that contrived by Prof. Wheatstone, con- 
niting of a bead of silvered glass rapidly moving in two parallel lines by 
means of a very simple and ingenious mechanical contrivance. In this way 
the two lights to be compared are reflected as two luminous points apparently 
but a ftnction of an inch apart Then altering the distance of one of the 
lights until the luminous spots on the bead are of equal intensity, and squaring 
this distance from the photometer, their different illuminating powers are 
nadily discovered. Some approach to a comparative measurement of it, 
may be obtained by ascertaining the squares of the distances at which any 
two sources of light, as two candles, require to be placed, to cast upon a wall, 
•hadows of a rod of wood or metal of equal intensity; these nutnbers will be 
to each other in the ratio of the intensity of the light evolved from the two 
candles. The illuminating power of any sources of light will of course not 
only depend upon the intensity of its light, and its distance, but upon the 
extent or area of its luminous surface. According to Dr. WoUaston it would 
require 20,000 millions of such stars as Sir! us, or 5,563 wax candies at the 
diMance of a foot, to produce a light equal to that of the sun. 

560. If the surfaces or internal structure of sub6tances be arranged in a 
certain manner, the luminous undulations produced by it in the presence of 
a ■elf-luminous body will communicate to the eye the sensation of white light; 
but if it be so constructed as to check all the luminous undulations which act 
upon it, it cannot become the source of a fresli set of analogous movements, 
and it mid to be black. We know that in the iEolian harp the strings assume 
diflerent states of vibration, and evolve corresponding sounds, when acted 
upon by a current of air, according to the diameter and tension of the cords 
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todiea, faf wfaksh the elucw etheiml BMdiDm cnotoinad is 
ilahnr^jf movemaote aoelogoiif to the tifhtiy ■Weiebid coid jhi ^he 
lMBp,«nd dm comnmnfcmte to the eye the m mmk u k of ^ ri o i e t cr yarple Bi^ 
vhilet die pertides of ether coiiieiiied in other ■ijhelinnffe mder illaihi J» 
floeooe, oeeUkite with • leas degree of Teloeitjr, and wawtf liia idea of fpril 
oa reachiog the eye. The rapidity of the ondnlatoiy BdOfaumH awnairi 
and propagated fay colored bocties does as inflhitriy eaoeed tibat of ao u oiB ^ 
Tftnttkms as die density and elasticity of edier do that cf die air. Tlm%whikl 
to erolye red light, a body must comnranioate to edier abooK 477 jwaiinw «f 
Millions, and to oTolTe Tiolet, not less dian 600 milliODa pf milliods of aa* 
dalations in a second ; the lowest note, or C of 4ie fboidk oota^a fiem tfai 
base (941), is prodoced by 258, and the highest, or C of die next oolava, by 
bat 516 vibrations in a second of time. It has beeneakwlated that if a stridg 
af the proper length to produce a soond when vibiatinK eorresponding to the 
middle C of the piano, were bisected 40 times, it Iroold} supposing it was 
idll possible to make it vibrate, e^rolve not a soand but a ynflbawifc gwsa i^H 
The vibrations of a cord increasing in rapidity widi the diminotioQ of ili 
length. 

Colon are consequently no more tmurtr or abetnet pvopeitiee of bodisi 
dam any particolar soands or notes are; the latter v ar ying ariih die liiiitiwi, 
length, and thickness, of the sabstances, and die ibimer with oeitaia,perbapa 
analogous, vibrations of physical struct u re. 

561. Luminous undulations are prodoced by eveiy portion of abody (535), 
and vary in their rapidity with the color of the sabsianoe. If a smaU hola 
be made, or, still better, a convex lens be fixed in one end of a weodeii fatttr 
blaokened internally, and it be presented .towards any object or landscape^ aa 
inverted image will be painted upon a piece of white paper^ fixed at the ep« 

C'te end, and presenting the very same hues as the object of which it is tha 
KO. 

562. A ray of light on the undalatory hjrpothens, is a right Una extendiag 
firom tlie luminous body to the limit of the sphere of undulation; and conse- 
quently, in the direction in which the body is visible (653). To sneh laya 
die undulations producing them are perpendicular; they therelbremnst be 
considered as merely expressing the direction of an effect, and not, as on the 
Newtonian hypothesis, as causes or sources of light 

563. When a ray of light falls upon the surface of any substance, it may 
imdergo one or more of the following modifications : A, It may be r^UM 
back into the medium in which it was moving (566) ; B, it may pass into 
the substance and be refracted (519), still retaining its original characters; or 
may, C, be divided into two portions, each possessing distinct physical properties 
(650) ; D, a ray may become absorbed by having the undulations produciog it 
checked (615); or may, E, excite a fresh set of undulations, and consequent mya, 
on the surface of the substance, thus rendering it visiUe ; F, it may also by 
meeting with a second ray, have its intensity modified by their mutual tafar- 
ference (G30) ; or, G, during its refraction, or refiection, or partial absorption, ac- 
quire new properties, characteristic of polarized light (661); and lastly, Imve 
the rapidity of the undulations producing it so afiected as to give rise to the 
phenomena of colors (605). 

564. When luminous rays proceed from a very distant body, as the son, 
they may be regarded as parallel; when they are given off" from a point ex- 
tending as they proceed, tbey are termed dwergeiU; and when they gradnally 
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Fig. 277. 



t 

c 
A. 
€ . 




K 



r 



Fig. 278. 



■pprooii each other, as alter being acted npon by a concave mirror or convex 

IkMi tfaey are md to be eomtergmt, 

565. Wben parallel rays ^11 upon a plane surfiuse, their illuminating power 

variaa with the angle they describe wiUi it 

the moat perfect illumination being produc- 
ed when they fiUl perpendicularly upon it 
Let the puaUel rajrs a, 6, e^ ^t ^ft ^all 

upon a anrfiice of, and it is obvious they 

will all be effectual in illuminating its sur- 

&ee; bat if of be inclined to fk, but four 

of the aix rajrs will impinge upon it, and it 

will be proportionably less illuminated. 

Henoe the law that the intensity of the light will be tu fA« nnn (as) of tht 

mngli of ineiikiue of tkt ray 9. 

560. Whenever a ray of light falls npon a plane polished surface capable 

of reflecting it, it obeys the same law as that of moving elastic bodies (62), 

the angle of incidence and reflection being equal Thus, let ab be the siu* 

ftoe of a plane mirror, and do a ray incident 

upon it: draw the perpendicular line fc, 

and DO will be reflected in the direction cc, 

Ibrming the angle fci, equal to the angle pc 

» ; the latter being the angle of incidence, and 

the ibrmer that of r^Uetion, If instead of 

the lay being incident on a plane, it had en- 
countered a curved sur&ce, it would have 
obeyed the same law and be reflected at the 
•ame point as from a plane, which would be 
a tangent to the curve at that point. Thus, 
If the ray bo were incident npon the concave 

■orihoe ab^ or the convex one a'b', it would still be reflected from o in the 
Mune manner as if it were incident upon a tangent to either curve at c or a bo. 
The lines nc, fc, and bc or the direction of tlie incident and reflected ray, will 
alwajrs be in the same plane with the perpendicular. 

567. A considerable proportion of the luminous undulations become checked 
OB impinging npon reflecting surfkces. Thus the intensity of the reflected 
light ia never equal to that of the incident ; this loss diminishes with the obK- 
qnity of the incidental rays. M. Bouger has given the following table of the 
proportion of incidental to reflected rays at diflferent angles from the surfaces 
of water and of glass ; the number of incidental rays being supposed to be 
1000: 




Angle of Incidence. 


Surface of water. 


Surface of glass. 


85 


. . 501 . . 


. . 549 


80 


. . 333 . . 


. . 412 


75 


. . 211 . . 


. . 299 


40 


. . 22 . . 


. . 34 


20 


. . 18 . . 


. . 25 





. . 18 . . 


. . 25 



Even when reflected IVom the surfaces of the most perfectly polished me- 
tailio mirrors, much light is lost; thus from tlie surface of mercury at an angle 
of iaddenoa (566) of 78^ 5^, but 754 rays out of 1000 become reflected. 
Whan the reflector it diaphanous, at a glass plate, more light it reflected ftpm 

24» 



lug tiie back with tome rtf l iMw i f oeumti oii ilill 1 

A> ▼ividiqr of the wilaetion fleoi the w m om d urihw, ^^ , 

that fiom the fint Thus, in the c i nwunon InnlrimghMi, *» bri^biL 
wma in it, eie lefleotionf finm the eeooMd or ooelid Motea * 

M8. Any wibtance powairing loine wgnler fww, enrt ■tikiwHf pctthed 
Id relleot l^t, is tenned a yrciifcaw or lairror. Hiom ase nade of ^ 
Maaarialt, as of polished metal, orof^asB»ooireiod at die faaek Willi an 
gun of tin. Miisorsaie madeinTarionsibrms; oCwfaiah» Aajribieoi 
cfa lerel sorftee of polished meial or ghMs; die oonoaTe^ piaeenia a heHnr 
■uftce like the inside, and the codtck, a projecting wp e tfloi ea BiEa dM «ort» 
liar of a waichgfaus. Besides these, minon haye been fwiiiiaiml in tte 
Ibrm of oertain conic sections, as the ellqpse, hjrpeibola, aod paiabola. 

560. Rajrs of light fidling upon the siurfiue of a plane mimir, as alooUiir 
glass, always retain their origiiial rectilineiur cBieelifln after laflaetion. 

Fig. 279. 




Let AB be the suriboe of a plane poliriied minor, and ea be pmrdU Mf* 
faieident upon iu surface, they will be reflected in the direction €d^ aosoollig 
to the law already mentioned (566). Biurgmg rays pnpoeeding fiom« viNt 
after incidence, continue to diverge in the direction em^ and wmm gmg nc^M 
www, will continue to converge after being reflected from ab towards Uie point 
In all these cases, as objects appear to the eye to be situate in the diiestipo of 
the rays which eventually reach that organ, to spectators placed at cd^ cm. sod 
a, the rays cd, s, and rrr, will appear to have come from behind the mimr 
AB in the direction of the dotted lines c^n^ b', t^t^t^. In all diese cases, tbB 
effect of reflection is to throw the apponnt origin of the rays to the oppoato 
tide of the mirror. 

570. As all bodies become under certain circumstances the source of It* 
minous undulations proceeding from every point of the object, and posseflHg 
a degree of rapidity corresponding to the colors of the substance ; at, in oob- 
Tentional language, all bodies evolve rays of the same colors as themselnt; 

'it follows, that any object placed at gd (569), will appear to a spectator plsoed 
at ccf, to be in the direction o'd', as the rays evolved from the object will, sAet 
reflection on ab, proceed in the direction xc, yd, and consequently appear to 
the observer to have been given ofi* from some object situated at cV, as isi 
behind ab as cd is before it. This representation of the object so vividly 
presented to the idea is termed an image, and precisely resembles in tint and 
outline the real object to reflection from which it owes its origin. 

571. When two plane mirrors (568) are placed parallel to each other, and 
any object be situate between them, a long and almost infinite series of images 
will be seen in each mirror, from the object and its image in one being to* 
fleeted by the other, and so on, until these figures appear so remote as to be 
invisible. If the two reflecting surfaces be inclined towards each other at any 
angle, the images of an object placed between them will appear to lie in the 
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c ii cu mfe ience of • oiide d which the mirron Tepresent the imdiL Thii is 
the princsiple of the well-known kaleidoeoope invented by Sir David Brew- 
■m: ia thie e lega n t instrument, the images of the objects placed between the 
lefleoton aie seen most beautdully arranged when the latter form an angle, 
whioh is an aliquot part of a circle. Thus, if the angle between the mirrors 
be 60^, the images of the object will appear arranged in a circle, and a hexa- 
gonal figure will be produced; for if the angle be a measure of 180, the nun^ 
her of images formed will be equal to 360 divided by that angle. 

572. MThen parellel rays of light, as when emanating from a distant body 
(564), be incident upon a ameave reflecting 
anihce, Uiey are reflected as if from a series 
of planes, tangents to that surface, and are 
made to converge. Thus if axb be a con- 
Ave mirror, of which o is the geometrical 
centre, and parallel rays, as de/ghf be incident 
npon it, they will be reflected according to 
the general law of reflection (566), and con- 
sequently be made to converge towards a 
point F, situate midway between the centre 

o and ^e point x, v being consequently equal to half the radius of the con- 
cavity of the mirror. 

It is obvious that all the luminous undulations producing the rajrs de/gh will 
be reflected towards v, and, arriving at that point at the same instant, will 
cause any particles of ether there situated to be acted upon and agitated with 
an intensity corresponding to the united force (534) of all the undulations 
propagated from the reflecting sur&ce. On this account all the light and heat 
belonging to the incident rays will become concentrated at r, and luminous 
wad oaknriflc efiects of corresponding intensity will be excited on any body 
piMMd on that spot This point is hence termed the foc%u or fireplace of the 
raiiiDir ambJot paraUel rayt; the distance fe being termed the prtndpo/ /oca/ 
UtiUmety or focal length of the mirror. 

573. If diverging rays be incident upon a concave mirror they will be con- 
Tsyed to a ibcus which diflers firom the point v in the last figure, in being situ- 
aied nearer the centre of the mirror's concavity. Thus, if rays diverging from 
a huninous source, as a lighted candle r, be 

ineident upon a concave mirror ab, they 

will be reflected, according to the general 

law, to a focus / much nearer c than the 

point v,or focus for parallel rays (572). If 

then the candle p be placed at/, the lumi- 

Bons nys will be reflected by the mirror 

to a locals at f; hence f and / are termed 

tm^wgate Jbeif for either becomes the focus 

to a radiant point placed at the other. 

Whereas, if the source of light be placed 

at V, the rays will be reflected in a parallel 

dinetion, and never meet at a ibcus. If the candle or other radiant point be 

plaoed nearer the mirror than iU principal fbctUj its rays will be reflected, not 

paiallel but divergent, as though they were evolved from some point placed 

behind the mirror. The conjugate focal distance for diverging rays may be 

ftand by the formula — -TL in which d corresponds to the distance of the 

2dxr 
miroe of li^^t fh)m the mirror, and r to the radius of curvature of the latter. 

574. When converging rays are incident on a concave mirror, they will be 



Fig. 281. 
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nnmlh^ mirror thin the principnl fbetn of V (S^S),^'^ 
._,^. f of ttinrging oiys. These rayg, fulling on a ' 
uaivcifw -iwMil* ■ point BTuBied beliiod it, and their fo 
./ the followinji formnla, in whieh i corresponds to the distance oflltf J 
if (unversenee from Iha minor, d and r retaining iheir formei i 
'%' 
?*4-r" 

Whfn laminou* mjfs mre incident npon convei mirrors, th . _ 

a m>nner opposite to thai which thej were bj- concave reflecling »iir- 
, for wbilM a concave reflector les«cn» the divergency, and locreases the 
•etgencr of all in.-ident lays.a convei one incremies their divergency aod 
niahes Iheir oonTergency. Thus, if parallel rays abcdi {fig. 282) he inci- 
on Ibeooovei mirror ii, of which c isthe centre of cooveiily. they will 
;flecied, acoonling lo the general law (966). in the direction rH/ii, » 
ley had proceeilod from a point t "^'—^ behind the miri 




e eirfwol, appamtl, or 
jldutama w for parallel rays is 

before it (S73). In the ca» ol 
and Ibr converging beams greau 

Fig. 382. 
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57a. When Inminous niy« are incident upon a cutved reflector, every point 
of iti lutfiiCB may be considered as an infinitely minute plane mirror {56S), 
tefiecilng all the ray* falling upon it. When a series of rays lall upon a sui- 
boe thus constilulad, Ihoy after refleotion mutually iniersoct. and these points 
of intersection constitute a curved line, termed a cniKfic. To exhibit this 
oauiiic curve by reRcciion, nearly fill a glass tumbler with millr (Sg. SB3). or 
fit a cinMilai piece of card inlo it about half an inch Itom the lop, and, ex- 
posing the concavity or the glasa to the aun oi a candle, a briiliant double 
curve will be tepreaenied on the surface of the milk, or piece of paper. 

S77, ImE^i are fbrmed by spherical mirrors in the same manner aa bf 

plane ones (570), and differ IVom those produced by the latter instruments in 

being of adiffeientsize from the objecL Thus, 

Fig. 2S4. if rays be supposed lo emanate from a distant 

body, they will, OQ being imnilent on the ood- 

roT la, of which c is the centre of 

concavity, be reflected io a focus at r, a little 

beyond the principal focus (378), and there 

paint an imafe of the object id, dimioiahed 

in size, and, from the allered relative poaition 

ef the tajrs aftei rtflsotion, inverted iii diteo> 
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BxnxonoN from coirax mirrors. 285 

The image v will be extremely vivid ihnn its being yirtually illnmi- 
BAtad by all the lumizKxis rays incident on the minor. The magnitude of the 
iipage V will be found to bear the same relation to xd as the distance of f 
fiiim the minor does to that of the object from it If an object be placed at 
y, Ut image will be painted on a screen placed at u>, diffused over a large 
tpaoe^ and consequently magnified. 

578. In the case of convex mirrors, the inrages are in an erect position, much 
diminished in size, and behind the reflecting surface as in the plane mirrors. 
For if an object sx be placed be£>re a convex mirror ai, whose negative focui 

Fig. 285. 




ia St V, the Inminons rays will, after incidence on Aa, be reflected diverging; 
and being seen by a spectator at h, they will appear to him as proceeding 
flom an object dt behind the mirror, and considerably smaller tlian ox. of which 
it IB merely a diminished image. 
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579. So long as ft ray of light tniTerses « unifonn mediam, it oontinnes itf 
path in ft right line, which it ftlso preaenres when ilMi incident on a diaphan* 

ons aubaiance in a direction perpendicokr 
to its surfiioe. But if it be incident in aa 
oblique direction, it becomes somewhtt 
bent, or refraeUd, out of its original count; 
this bending, or r^raetiotit not beinft to Al 
same extent in every sabstanoe, as the. i^ 
rection of T^ectioD (566) is, but Taijiirf 
considerably in different forms of wattiff 
Thus, let AB be the sorfluM of a iefla ctiB| 
medium, as water; draw ean perpendiealic 
to it, and let fb be a my incideijit on ab at 
X ; a certain portion will be reflected (566), 
the remainder entering the medium, and 
instead of following the direction xe, will 
be refracted or bent towards d in the direo- 
tion XK. The line te will, therefore, repr^ 
sent the incident, and xk the refracted ray ; rxc will be the angle of incidence, 
and DXK^the angle of refraction. Draw the lines cf dk ; the former will be 
the sine of the angle rxc, and the latter that of the angle bkk, and they will 
be to each other in a constant ratio for each refracting substance : the sine ift 
being to the sine fc as unity is to the refracting power of the medium, or in 
the case of water as 1 to 1-336 ; the latter being the index of refrcutwn of the 
medium ab, and is found by dividing the sine fc by the sine of refraction ik. 
From this reasoning, we see that the incident and refracted rays must always 
be in the same plane, but on different sides of the perpendicular cxd. 

580. As the visibility of any two points is mutual, it follows that a ray of 
light, KK (579), passing from a refracting medium, adb, as water, will, on 
reaching the surface, ab, of a rarer one, be refracted into the direction sr. In 
this case, as kk is the incident, and fe the refracted ray, the line /r, which is 
now the sine of refraction, is greater than the line dk^ or sine of incidence, 
the reverse of the former case, and fc will be to dk as 1*336 is to one. The 
index of refraction for a ray passing from a denser into a rarer medium, or, 
in this case, from water into a vacuum, may be found by dividing unity by 
the refracting index of the denser medium, or, 7*577 i ^^ ^^ therefore, equal to 
the rtc^procal of the refractive index of the water, or other dense medium. 
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681. The index of refractkm, or, in other words, the refractive power of a 
mediiini, Taries considerably, being for chromate of lead 2*974, and for air 
1*000294, between which limits every intermediate degree of difference 
eziflta. It was ascertained by Sir Isaac Newton, that inflammable bodies in 
geneml possessed a higher refractive power than other substances; on which 
account he made the bold suggestion, that the diamond, whose refractive index 
it about S*439, consisted of a combustible substance, ("qui ut probabile est, 
sabstantia est unctuosa coagulata;"*) a statement whose correctness has been 
amply demonstrated by the discovery of the true chemical nature of the.dia- 
mond. As a general law, the greater the specific gravity of the body, the 
more it refiracts light passing through it; and the chief exception is found in 
the case pointed out by Newton, of inflammable bodies ; and if allowance be 
made for the generally lower specific gravities of this class of substances, they 
will be fbond to possess a greater abtokUe refracting power than any other 
bodies. In the following table the index of refraction of several substances, 
when a ray is incident upon them from a vacuum, is contrasted with their 
abM^nte refracting powers : 



Name. 



Yaeanm . . 
nydrogen • 
Oiyyea . . 
Conmon Air • 
NitrogeB 
Aamonia . • 
Carbonic Acid 
Chlorine • • 
Tabasheer 
Flakls in Topax 
Ice • • • 
Water . . 
Bther . . 
Alcohol 
Hydrochloric 

Aeid 
Nitric Acid 
Balpboric Acid 
Floor Spar. 



1 





Absolute 


Refracting 


Refract- 


Index. 


ing Power. 


1.000000 


0. 


1.000138 


3.0953 


1.000272 


0.3799 


1.000294 


0.4528 


1.000300 


0.4734 


1.000385 


0.4734 


1.000449 


0.4537 


1.000772 


0.4813 


1.111 


f 


1.294-1.31 


f 


1.309 


T 


1.336 


0.7845 


1.358 


2.56 


1.372 


1.0121 


1.410 


0.5514 


1.410 


0.624 


1.434 


0.6124 


1.434 


0.3414 



Name. 



Alum 
Oil Olives 
Oil Turpentine 
Castor Oil 
Oil of CloTes 
Crown Glass 
Plate Glass 
Amber 
Quartz 
Flint Glass 
Oil of Cassia 
Sulphuret of 

Carbon 
Sapphire 
Garnet 
Zircon 
Sulphur 
Phosphorus 
Diamond 



! 



Refracting 
Index. 



1.467 

1.470 

1.475 

1.490 

1.535 

1.525-1.534 

1.514-1.542 

1.547 

1.548 

1.585-1.60 

1.641 

1.768 

1.794 
1.815 
1.961 
2.148 
1.224 
1.439 



Absolute 

Refracting 

Power. 



0.6570 

1.2607 

1.351 

1.148 

1.309 

0.526 

f 
1.3654 
0.5415 
0.7986 
1.7634 

1.4200 

0.5556 
0.5423 
0.6054 
2.2000 
2.8867 
1.4566 



On looking at this table, it will be found that the absolute refractive power 
of hydrogen exceeds that of all other bodies, when allowance is made for its 
low specific gravity. These absolute refiractive powers are calculated on the 
■opposition of the ultimate particles of bodies being equally heavy, by divid- 
ing the excess of the square of the index of refraction above unity, by the 
■peeiflo giavity of the substance-t 

983. When the refracting action of any medium, on a ray entering it from 
• ▼aoonm, is required, the above table will enable us to find it; but when the 
direction of a ray passing from one medium to another is sought for, we must 
divide the index of refraction of the second medium by that of the first, and 

* Newton. Optice, sive de reflexionibus, &c., lucis, lib. ii. pars. 3. Lat. red. S. Clarke, 
liondon, 1719. 
t Newton. Optice, sive de reflexionibus, &c., lucis, lib. u. prop. 10. 










*e qnolient wtO fNe die mtb of «6 rfa^ of iMMltaii il»ttit-ar' 
flomoiMbo^rtotiieoUMr. Tlm%if tJw indwtof l e JlWui ftB ftr » w 
floiB waMr into jj^sle i^Mt wqco ioq|iilrad| dM jbobik of psftkatWh 
temor bniic l-83«» and of the tauter 1*643, wb kiv* oa^ to dliUo OiB 
kf iIm iiroMr nimber, or ^'UlaBMSi, the l eq ui ied indeoL. 

M3. Lmniiioiit nnrtnhitimMi ere pn^Nifeied tbrau^ maAa, wiA m ' 
wying with their rellractiye power; the hi|fier tfie refiwstiTe powei* ^• 
Mediiim the slower the ray of Ught moToe thio«i^ H, die ▼elooitfae 
•aj two media being in the inTene ratio of die rinet of refiaolioa j 



gated throng a tobe flUed with ab, of 100 feet in leagdi, a iimitanr 

the Mine ipaoe of time, will tiaTerae bat 79ibec, when the lobe cnnadfl 

water. '^ 

584. When a ray is incident on a reftaeting soiftoe, bounded hf earMS 
Knes, the same law obtains as when incident on a plaiie. For if ab (Ml 
were reptaused by a oonoare or eooTez snrfece, as «6 M\ the mf n fA 
fellow the same course, as if it impinged on a plane^ a tangent to fee oHfi 
at the point of incidence. 

586. From an inspection of the diagram (579), asc being a rarer atid A>V 
a denser medium, we see that the sine fe of the incident is always gnal# 
ihan the sine dk of the refracted rajrs; and if die n^ wm were incident at Mf 
great an obUqoity that its sine would nearly corre s pond to radina, and,^QoalJI> 
qoeotly, that the lominoos ray could only graze the silrftoe fk the medlaat 
▲SBD, sdll a considerable pordon of die lif^t would really enter and frnW^ 
ftacted, as the sineof reftacdon in a dense medium is inYariably leas dhandkiQ 
sine of incidence. The converse of this prolxMition is extremely remaiUPiMt 
fer if KJi be a my passing throogjh the dense medium adb into a metais 
ACS, the sine of reftaction^^ will exceed that of incidenoe dk (570). Whsif 
Ks is incident on ▲■, at such an obliquiQr that the sine of the refracted, n^ 
would correspond to radius, it ceases to pass out of the dense medimn, and ii 
ri/Udid from the sorfhce ab back into the medium abd, according to fit ontt* 
nary hiw of reflection (566). This sudden conversion of refraction into re^ 
flection is extremely remarkable, and afbrds the only instance of toi<d redeo- 
tion with which we are acquainted ; for if the ray be incident in a dehss 
medium on the surface of a rarer one at a sufficient obliquity, it is totally re- 
flected, no Ught being lost, except ftom a few undulations being checked by 
the medium itsel£ The angle at and within which this mt^nal refieetkm 
occurs, is termed the HmUing angle between refraction and reflection. This 
limiting angU may be found by dividing unity by the index of refraction of 
the substance ; and on looking for the quotient in a table of natural sines, die 
angle corresponding to it is the limiting angle. Thus, a ray cannot pass ftom 
water into a vacuum, if the angle of incidence exceed 4d°*27' for j.-J^^bs 
sine of that angle : nor can a ray pass from flint glass into vacuum, if the angle 
exceed 38^*41' for y.J ,s6250, the sine of that angle. The brilliancy of^e 
light thus reflected &r exceeds that reflected from the best metallic mirrors. 
THs may be readily shown by nearly filling a wine glass with water, and 
holding it up, so that the surface of the fluid may be seen from beneath : it 
will appear like a sheet of burnished silver, from the perfect reflection of the 
incident light, and no object held above it will be visible if the position of 
the eye be within the limiting angle. 

586. When an object is viewed through two media of different refracting 
powers, very curious results follow. This may be often observed when an 
object, situated at or near the horizon, be so far from us, that, in consequence 
of the curvature of the earth, a right line could not connect it with the eye of 
the spectator, it will be invisible, except imder a few remarkable states, con- 



tmt mal rwfraetien. Tot the pioduolion of tbeaa 
•Asti, b to B80B»Wiy tbu the Btma of almoapheie near the eaith should 
dUte nWwirtOTblj Id reftaotiDg power, either hy one portioa beiag idok 
kadid wtlh lapon, or posMMiDg a lower lemperature thui the olhei; wo 
iM, hf the gtott d«gi«e of re&aclion to which rajrs pngung hara the distant 
otfant beooma nbmittsd, they virtually reach the eye in cnirved lines, and 
tha ipei/axoi sees an image of the object ia the air, in the direction of a lei^ 
■pnt ta Ihaae om-red lines, and inverted, in cansequence of the altered relative 
pMitkMi of the laf < passjnjt between the object and the spectator. 

PluniomeQai of this kind, constitnting the miragt, or fata vwrgana of the 
IWliwrM^ are oucauODeJljr seen in great eptendoc in the Straits of Messina. In 
A* Bonh of Europe, and in leveral parti of Great Britain, the mirage hai 
beea fteqaeiilly obwived, aizid is by no means of very race occurrence on tha 
B"!"*** ooai^ in the eveningB of hot autumnal days. 

Some of the conditions for the production of the mirage Fig. 287. 

msf be obaervad by regarding a small object, through the 
p^t of Biiituce of two fluids of different densities, as 
■ymp or alcohol, and water, when images will be seen 
«n ft plane higher, and in an inverted direction, with re- 
Iprd to the original object The some efiect may be ob- 
Mrred by tooking at ait object across a red-hot iron, or i 
otai a, ohanoal chauffer ; or still better, on a cool day, by 
T«t»rJil^ a distant nail or tree over the boiler of a 
ItaaiiHarriBge. The waU or tree will appear to be di- ^ 

vidad ima several portions, and surmounted by inverted * 

illM«ei viuUe for a considerable space above the source of heat 

687, The tiaruition Aom partial lo totoi reflection may be beautifiilly seen 
laaB acpcnmenl deacribed by Newton.* Hold an eqiii-angular p[ism,in ibe 
pu i 'ifr ihown in the flgore, before an open window, in such a manner that 
■ lina drawn fhran the eye may describe an angle of about 40° with the 
iMWOf the priim. The base abcd (Bg. 38S) will appear lobe tosected by a 
111 iimI iris, tt, of a bluish violet color, the space between mo appearing 
oTk «mbie biie, in whiob reflection is extremely impertectj but beyond TV, 
the space TBTn, the wbole will appear shining with a melallio 
be olonds and eurronnding objects being depicted upon it with great 
The iiis tt thua divides the space between partial and total 
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of ainetioB, if UdeiorilMa f iii|iiiiiliiiii1iii in Hiii uniiiiUn ilfctT, IpJM 
odm diraetkm it will be lefinoied uooidiiifc id As kkw afamB^f 4MMb 
TbM, if ▲■ (flff. 389) be incidenl on a nwdiiiiBt M a pane of fliHi «^ 1 
will undergD refractioii,ftnd etoepe on the oppoats ndB,iii m dinetioa piMM 
10 the incident ny. If diverging nf, m >■«, be inoideiit, tkej wiUi ipMT 
reftecdoo, emerge bom cd perallel to dieir IbniMK diieotioii» ti^eir diveqpM 
luiTing become diminished; and if ooiiTerging nji| m klm, be innidal^ 
ea, and converging to o, they will, after convaigiqg Iraoi the madinm, najlbr. 
eOD verge et f. 

589. Prisms are made of glass for optical porposea, with their sides «t 
irarious angles of inolination. abc represents one whose sidtis are laslinid |» 
eagh other at an angle of 60^; tA ca are termed the rwftaoiing adas^ and ABlht 



Fig. 30a 
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I of the prism. If a my of light, ax, be incident on the side da, it will bs» 
ftaeted towards its base if the prism be denser, and towards itaapez if nueit 
than the surrounding medium. Let the pristei be of glass, and draw stt 
perpendicular to jlo ; the my nx, on entering the prism, will be reftfctsd W 
wards its base, and consequently towards the perpendicular aai in Books 
manner, that the sine of the angle ein will bear the same relation to the «9t 
of riL that the index of refraction of the glass prism does to that of the ss^ 
rounding medium of air. Hence, in viewing objeots through a prism, thflf 
always appear to be higher or lower than they really are; for, if an objeot 
be placed at d, it will appear to a person stationed at l to be at d, becrait 
the ray pe, if produced, will reach d, and obfeds ahoayt appear to be fdaotMl 
Ml the direction of the rayt which eventually reach the eye (569). 

590. Lenses are made for optical purposes constructed of glass, and certain 
transparent minerals, of various forms. Sections of the principal kinds of 
lenses are shown in the following figure ; and, if these be supposed to revolvs 
round the axis ab, each will describe the particular lens of which it is ths 
section. 

The qtherical lens is a simple sphere of glass, c ; the double convex ft is 

bounded by two convex surfaces, concave to* 

wards each other; the double concave x has 

both its surfaces concave, their convexities 

being opposed to each other ; these two lenses 

may have both their surfaces of unequal, or of 

equal curvature. A plano^onoex lens v is 

merely half a double convex, one surface being 

plane, the other curved, as in the latter. A 

pjano-concave, e, is a lens having one surface plane and the other concave. 

The lens h, termed a mcntsow, has one surface concave, the other convex, and 

these curves meet if continued ; whilst the concavo convex lens i has similar 
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■nrfteei, but tiiey do not meet if produced, as the convex surface has a lesser 
eorvatiire than Uie oonoaye side. 

091. The ocorse of a refracted rajr through a spherical lens maf be readily 
nnderatood; for let jlbod be a sphere of 

flint i^ass of a refractive index of 1*60 Fig. 292. 

(S81), and let the parallel rays sKe be 
incideQC upon it — the ray v, being inci- 
dent perpendicular to the spherical sur- 
iK», will pass through without refrao- 
lioti (579). To find the coarse of the 
my B, draw the perpendicular kas, and 
produce the line x to o with such an ob- 
liquity that the sine of the angle als 
may be to the sine of the angle kax as 
1 is to 1*60; the ray alc becomes thus 

Lent towards the perpendicular ks. On reaching c, the ray will emerge into 
a rare mediumf and will again suffer refraction, being bent from a line m cs 
perpendicular to the surface at c, at such an angle that the sine of lcs will 
be to the sine of xcr in the ratio of the refractive index of air, or 1*000294, 
to that of flint glass, or 1*60. ^ a similar process, the course of the ray o 
may be found. The three rays will thus meet at f, which is the principal 
Jbeict, or focal Ungth (572) of the spherical lens for parallel rays. 

On referring to the position of the conjugate fod of concave mirrors (573) 
it will be readily seen that, if diverging rays be incident on the sphere of glass, 
tbeir focal distance will be beyond f ; and if converging rays be incident, their 
fecQS will be at some point nearer the sphere them the locus for parallel rays, 
orv. 

592. The course of the refracted rays, and, consequently, the position of the 

ftcns r, will vary according to the refractive power of the substance of which 

ttie lens is constructed. Thus, Sir David Brewster* has shown, that in a 

■phere of Tabesheer, whose refractive index is 1*11145, the focal distance for 

pAraliel rays will be four feet from the lens,* in one of glass of a refractive 

Sndez of 1*5, it will be but half an inch; and in one of zircon, whose refrac- 

ti?6 index is 2*0, it will coincide with the surface of the sphere. To find the 

fcoal flistanoe of a sphere from its centre, divide the index of refraction of the 

feMterial of which it is constructed, by twice its excess above unity, and the 

quotient will be the distance expressed in radii of the sphere. Thus, if the 

ladlus of a spherical lens be one inch, and its refractive index 1*6, we shall 

have 1'33 inches as the distance of the focus from the centre of the sphere ; 

tnd by subtracting the radius, or one inch, we obtain the distance of f from 

the surface. 

593. The course of a ray through a double convex lens, may be found in 
die tame manner as that already explained in the case of a sphere (591). 
Let the lens a ■ be of the same material as the sphere, and xve three rays 
entering it; v will pass on and emerge without refraction. The ray, x, will, 
on entering the lens, be refracted towardt the perpendicular kos; and on 
emerging from c into a rarer medium, it will be again refracted, but in a con- 
tniy direction, or from the line scM, drawn perpendicular to the point of emer- 
gence. By a similar process, the course of the ray e may be ascertained ; xko 
will thus be found to meet at f, which is the principal focus of the lens. The 
■mount of refraction experienced by the rays on entering and emerging from 
the lenS) may be found precisely as in the case of refraction through a sphere 
(591). Taking the ray x as an example : on entering the lens it will be re- 

* Treatise on Optics, p. 37. London, 1831. 
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If the tmyi incident on the lent am be u o wwg iwf, die Ibens will be neow 
the Mir/hce of the len« than r; bat if rf t w rgfty * their foons will All bejoodlhil 
fer penUel rays. The conne of reftaded nyi, fbrou^ planooooTez kmet, 
«8 well as through oonTex lenses of unequal ounratiire^ may be fimnd by Ihi 
pro ce s s already described for doable conTez ^a ss e e of equal cvrratnis. 

594. The focal length w (59S) of oonTex leniee of all Idndti may 
fay the ibUowing formal» : 

Radius of carratnre of one surfiue an r. 

of the other aBf^. 
Distance of the souxce of light sb d. 
Distance of the point of oonveigenoe 

of the rays from the lens an d,^ 

Thickness of the lens . . as (. 

* For PwraM ray$, 

(A.) Double convex lenses of equal curvature • . . rs^. 

(B.) Double convex lenses of unequal curvature 

(C.) Planosx)n vex lenses: 

1, plane surihoe exposed to the mys • . v «b 2 r. 

, 8, convex surface exposed to the rays . . v ts 2 r -r — 

•• Diverging rayt. 



•■ 



(D.) Unequally double convex lenses v 



(£.) Equally double convex lenses . v as 
(F.) PlanoKX>nvex lenses . . f ss 



\(r+r')Xdl-2(rXr') 
dxr 



d Xr 



OAimnoi BT ftBFmAonoif . 808 

*** Cotufergimg ray$. 



6 .) B^ually doable oonyex leiiB . f =. ^ . 

(H.) Double ocmvex lenses of nnequal curvature 

. 2 (r X r^) X rf^ 



(L) Planoconvex lenses . . y = ^J^ ^ ^^ 

<r — 2r. 

595. To find the course of ra3r8 incident on a double concave lens, as ab, 
let IFO be as before, the rays of which, w, will pass through without refraction. 
B, on reaching o, will enter the glass, and become bent tcwardt ks, a line per- 
pendicular to the point of incidence, in such a manner, that the sine of the 
angle xok will be to the sine of soc, in the ratio of the index of refraction of 




the glass to that of the air, as in the case of the convex lens (593). On reach- 
ing D, the ray boo will emerge and undergo a second refraction, by which its 
divergence will be increased. The course of the ray e may be found in a 
•imilar manner. Thus, the parallel rays Bire are made to diverge by refrac« 
tkm through a concave lens, instead of converging, as in a convex glass. The 
fUnergent rays bst will diverge in the same manner as they would if they had 
proceeded from a radiant point at r, as shown by the dotted lines rr, fr ; this 
"piAnX is the principal focus of the lens, and is a virtwd, apparent ^ or negativt 
Ibens, as in the case of reflection from convex mirrors (480). 

The course of refracted rays through plano-concave and double-concave 
lenses, of unequal curvature, may be found by a similar process. From an 
inspection of the last diagram, it is clear, that if the incident rays on a con • 
«aTe refracting surface be converging, their negative focus will be nearer the 
]eos ; and if diverging, further from it than the principal focus f. 

59C. The negative focal lengths, for parallel rays of all the varieties of con* 
cave lenses, may be found by means of the formulsB already given for convex 
(lasses. Their foci for cou verging rays may be found by the formula for 
diverging rays and convex lenses (594, def), and vict versa, 

597. The action of menisci (590, h) and concavo-convex lenses on rays 
t>f lig^t, is precisely the same as that of convex and concave lenses of the 
atme focal length ; the foci in the former being real or positive, whilst in the 
latter they are virtual and negative. In both varieties of lenses, the foci may 
be found in the following formulae : 

(A.) For parallel rays » = ^^ ^^ ■ 

25» 
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SM. O ro tic onmet uo famad bjr dMriotsnootioai of InniiMiwmgpvilnlii^ 
loAnotkNi, in the nme mume^aa bf rafimetion (576). Di^ wmrb&mtdmki 
hftWwg « gteM ipheie near the candle, and mXkmiag tfie lufl nutuu wMfB tfrfcH 
After pamng through the sphere, oo a sheet of paper hdd neazlj pandM 1i 
Ibe horiaontal axis of the sphere; a huninons fi^va, bonndad hgr two dwp 
eonres, will be obaerred, meeting at the point oorresponding to fShB toaami 
the lens. These ourres may be more distinctly seen lygoyeringarcyllndTlMl 
glass yessel, as a common tamUer, with black -paper to afaost an kinkt of At 
top; pour water into this yessel, until it rises half an inch abore the level «f 
iIm paper. Cut a piece of white oaid| so that when plased at the 1ml «f 
the black pi^ierj and perpendicular to the asces of the Teasel, it may half ap^ 
loond the glass; then bold the latter up to the son, or bafiwe m osndle, wil^ 
the card away iiom the source of light The InminoiiB rajs passing tbnoi|^ 
die water will be reftacted to a focus on the end ; and a triangular himin— i 
figure, bounded by caustic cunres, will be depicted upon it 

599. Images are formed by lenses in the same manner as Hbej wan hf 
minors (570). Let ab be an object situated at a oooiideiabie dktanoe: te 

Fig. 295. 




rays propagated from it will, on reaching the convex lens xv, snfier reCractioo, 
and aAer emergence will paint on a screen, placed near its principal focus 
(589), the image cd of the object, but in an inverted position in consequence 
of the crossing of the rays. If the screen be removed, and a piece of ground 
glass be placed at cd, Uie eye placed behind it, as at o, will see the image 
very distinctly ; then let the glass be removed, and if the eye has been placed 
within the limits of distinct vision, a picture of the object will be seen painted 
in the air, a little beyond the principal focus of the lens. 

600. If the object be within a moderate distance of the lens, its image will 
be formed on a screen as before ; and will be visible most distinctly when 
the object and the screen are each placed in the conjugate foci (573) of the 
lens. If the object be still nearer, and it be viewed through one of the modi- 
fications of the convex lens, it will appear larger, and if through a concave 
lens, smaller than it really is. This curious property of lenses entirely depends 
upon the apparent angle under which the object is viewed. Taking first the 
case of the double convex lens, as ab (593), let the rays xire be supposed to 
pass from an object placed near it, and the eye be placed between the lens and 
its focus F : under these circumstances, the object will appear to be larger than 
it really is; for if the rays re, rn be produced, they will diverge at a very 
considerable angle, and, as bodies always appear to be placed in the direction 
pursued by the rays, which ultimately reach the eye (589), the rajrs BC, »B 
will appear to have passed from the object in right lines, and the object will 
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appear to Ae efstobe mfficieiitly large to fill up the whole opening of the angle. 
If, oo fbe oontnuy, an object be viewed through a concave lens ab (595), it 
will appear to be diminished, becaase it is visible under a less apparent angle.. 
For if an object be placed so that its rays sve suffer refraction in the double 
amoave lens, diey will diverge, and the object will appear to be situated in the 
direalion of the right lines mr, xr, included in the angle of convergence of 
tfaoae fajrt. 

601. The manner in which the eye judges of the size of an object, according to 
llie mpfmnnt angle under which it is visible, may be readily shown. If the 
«f» ptaoed at ■ views an object am placed at such a distance that the right 
lliiea AB, BX, connecting it to the eye, may 
fbnn. an angle of 20^, it will appear of a 
certain magnitade. Approach am to the 
poaition o^ it is evident that it will ap- 
pear under a greater apparent ang^e than 
belbre, aa a line o, passing through it to 
die eye, will, with a, describe a larger 
angle, and judging of its size from this 
angle, it wili appear to be larger than 
when at ▲■. Brkig a6 to the position a^b\ 
it will then appear to be twice as large as it was when at ab ; for n forms 
•w'ah, B an ^gle of 40^ and 40 -}- 20 = 2. 

Thufl, it is evident, that in viewing an object through a lens, the longer the 
ftoai distance the lesser apparent angle is it seen under, and cateris paribus, 
tiie fmaller it appears ; whilst the shorter the focal length, the greater the 
apparent visual angle of the object^ and the larger it appears. In the above 
account of the reftaction of rays, and magnif3ring or diminishing power of 
lenaes, it must be recollected, that the lenses under consideration are supposed 
to be denser, or of greater refractive power, than the medium in which they 
are immersed. For if they be rarer, or of less refractive power, then concave 
lenses will converge rays and magnify objects, whilst convex ones will diverge 
rays and diminish objects. 

602. The magnifying power of a lens may be determined by the limit of 
diatinet vision for minute objects, which is generally about five inches, divided 
by the iboal length of the lens. This refers to its linear magnifying power, 
and only to the number of times it is magnified in length ; its superficial 
power being obtained by squaring its linear, and represents the number of 
timea its whole surAce appears to be magnified. 



Focal length of lenses 


Magnifying power. 


in inches. 


Linear. 


Superficial. 


5 


1-00 


1 


4 


1-25 


1-5625 


3 


V66 


2-7556 


2 


2-50 


6 25 


1 


6-00 


... 25- 


■h 


... 50-00 


... 260. 



603. On referring to the diagram of the course of rays refracted by a con- 
T0Z lens (599), it will be seen that the rays passing nearest the axis of the 
Una will be refracted to a focus at a greater distance from the glass, than 
tlioie which pass nearer the circumference. On holding a screen of ground 



■ of (he ccnlmt nfs, a picture of an object on the olb«r 
very vi»iil in iu centre, but leu distiooily defined bI its 

ly witlicJiBwiag ibe screen, the mHrgimil portion of the 

woome more vivid as tlio centre Icaea its diidiicmess. Hence, ii 
, H.at no object can be seen, with perfect distinctnesa, in every pun 
convpi lens, at the oame momeDl, in consequence of this iphiriial 
, u it ia tarmet). In b plano-convex lens, with its convex side to- 
^object, this ai«TiUion amounts to 117 of the thickcesa of llie lens; 
.1 the flat iiile U towards the object, smounta to i-5. In a double 
^ ^ns, with equal radii of curvature, the aberration is 1'67 of its ihick- 

S»e rule* apply eqnally to the varieties of conmve lenaea. 

Temeily Ihit aberration, elliptic and byperbolic lenses bave been pro- 

, but the dilficuliy of conatrucling tbem has hitherto proved an efiecnnl 
a their general adaption. By tnetins of the meniscus, spherical Bbeira- 
jaay be neatly completely removed, if the ranvei surfaoe be turned lo- 
• the objaot^ pmviiiing the dittaooe of the poinia of convergence oi 
lenoe ftom the oentie of the ilrat surface, be to its ladius as Che indei of 
ilioo of Ibe lens is to unity. By oombinaiions of lenses, the spherical 
Ation maybe reduced to an insensible qiutntity; these are fully described , 

worka on practical optica. 
t. Spherical aberration ia also observed in concave mirrors, nnd. as id 
a, interfere considerably with the dislinetaess of the image. This aoniM | 
TOT iti experiments in which mirrors are employed, con only be effiwW- 
prevented by giving to ibe reflecting Burfaoe such a Ggute. as will eosbls 

reflect all the rays inddeni upon it to one focus. The parabolB ajHl 

ae poBsesa iliis properly, and ttolhing but the meDlienicsl dilliculif of 

-_,lruating mirrors of these figures prevents their being employed inslevl «t 
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CHAPTER XXIIL 

VSTOLAmXSXS XJGHT. (CHROXATIC PHUTOXXITA.} 

Prumatie deeompotUuM of Ughtf 605. Colored bandM m the aoiar spectrum, 606. 
Mtfiraetive mdicet of colored rays, 607. JReconqtotition of white lights 608. 
Lengtki amd vehcUy ofwavee of colored Ught^ 609. Lavender rays of Herschelj 
610. jSrtyUiaUycohrtdKghtf 611. Sm^pHficationof spectrum by absorption^ 612. 
^Compimeniary cohrs, 6 14. Absorption of Kgkt, 615. DiMpersion of light, 616. 
JrrtitionaHty rf spectrum, 619. EpipoHc dispersion, 620. Dark bands in spec- 
frrniii 621. Aefractiaoe indices of, 623. lAuninous properties of spectrum, 624. 
CalDTJffe proper t ies of, 625. Chemical properties of, 626. Curves representing 
thus properties, 627. ^cAromo/um, 628. lAumnous interference, 630. Fro- 
fttTf eaperiment, 632. D^aetum of Ugkt, 633. Fringes produced by, 634. 
JB^^mmmte on tN^ecfion, 640. Cciors of tkin plates, 641. Complimentary 
odors, 642. Neuton^s chromatic table. 643. /{tng< 6y Aomogenaouf light, 644. 
3Vaiifmitt«f nngs, 645. Colors of thick plates, 646. Colors of small particles, 
647. Theory of the rainbow, 648. 

605. Ir a number of Inminous undulations Be propagated through a prism, 
to diat ray» may leave it at the same angle with regard to the sides as they 
entered it, their physical characters bedome remarkably affected. The light 
not only appears to emerge as if it had been refracted or bent towards the 
thiek part of the prism (589), but it becomes resolved into a set of undulations 
Wying in amplitude and rapidity; and these are rendered obvious aAer leav- 
ing the prism, by their producing the phenomena of colors (560) when re- 
ttived on a white screen. Thus, through a hole in the shutter ni, let a ray 
<^ light sw, be transmitted; interpose a glass prism abc, so that the ray may 
^ refracted through it, and a long spectrum composed of bands of different 

Fig. 297. • 




^lors insensibly passing into each other will appear on a screen or, placed 
'^^ a proper distance. The upper colored part of this spectrum will be deep 
Violet, and the lowest a dark rod. This remarkable experiment was first 
I^rformed by Newton,* and is usually termed the prismatic decomposition of 

* Optiee, lib. i., part 2, prop. 3, exp. 7. 



• It n termed, bdj dixioot line of demerkslka Lulwum adJMMit A 
•• lb* violet, iadigii, end blue melt iniD each odut, As kllei oobr ^ 
can KBioelj be dijtinguUhed u their point of iiun<ioei,aBddM jMcHt,ai 
and red us nill more cloeel; uoiied. So tbat, kltboDi^ Sir Imae Veraa | 
•donled leren, u the number of primwT e^oii, h li bettn''wMrKDdMH < 
tr that, wbilal the extreme Tiolet ii ptodnoed if Ibe gnUw kiqnilHr (f ' 
' ' e red bj the «nialle*t munber.lii m siTen tbn^ AenoAA' 
a every degnw of vaiiuioii in iha ni^di^ of nndite 
miBqaeiitlf inflnite Tuietia of tinta Bid oolan. 
k IHend,whoiepeioeptioaof oolonbeoi 
1 mcaiiiTed with u mitoh aooniacy ■■ po 
die diShreni colored band* of the apectrom; he fMoicI Aeit leogdu, reoko^ai 
ftom the Tkriet to tbe red, to be nearlj in the ratio of die nomben t| Ji » ij 
}i Ai ii ' >eriei neailf oonesponding to the inlerrala of aonad id the dia- 
loaUD acale or gsraut. The ibllowiog are tbe linear meamrea of (he ipectnnn 
BKle by Newton, (who unfonunalelr did not deaoribe the kind of ^aMoT 
which his prism was constructed), oompand with qiinilar metuuresYnade bf 
naanhOfer with a piiim of flint-^ais, — each phitoaophor dividing dis anlin 
hngth of the spectrum into 360 parts : 



Newton , 
FiaunhOret 
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45 


27 


40 


60 
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27 


^7 
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48 


47 |l09 



007, As in the eiperiment above detailed C509), the violet raya nndeiJO 
the grmiest, and tlie red the smalleM amount of deviation from the original 
direction of ihe raj' aw ; the former are t*nnod the most, and the latter the 
least refrangibte rays. When prisms of crown and Sint-glawi are used, the 
following are the indices of refraction (484) of the different colored isya : 



Crown^lass 
Flintglaw 


1 


1 


^ 


» 


1 


1 


1 


IS'258 


1-5268 


I-5a96 


1-5330 


15360 


1-5417 


1-5466 


1-6277 


i-ea97 


1-6330 


1-6421} 


1-6483 


1-6603 


16711 



608. If a second prism ivc of precisely the same Wnd be applied to the 
Brst IBC, as shown in the fifpire (605), the colors will vanish fromthescreen; 
niforra velodlyj and white tight will 



ivitl be reduced ti 
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be pnodueed. Thit is termed the reeonytontion ofv^e hght; and as abcv re* 
piennto the sectkm of a panillelofnram, it is evident that resolution and reoom- 
pdsitioa of the laminoiu undulations ensue whenever they are propagated 
tfarongh m plate of glass, which may be considered as being made up of two 
▼eiy acute angled prisms applied to each other so that their apices and bases 
eoiiicideL 

The reoorotmiation of the colored rays may be also shown by holding a 
eoD?«x lens between the prism and the screen, which, if sufficiently near the 
fiwmer, will bring all the rays nearly to a focus, and reproduce white light 

609. From a set of accurate admeasurements made by Newton, the follow- 
ing table,* showing the lengths and rapidity of undulations producing the 
principal colored rays of the spectrum, has been constructed : 



Oolored Rays. 


Length of lumi- 
nous waves in 
parts of an inch. 


Number of un- 
dulations in an 
inch. 


Number of undula- 
tions in a second. 


Extreme Red 


00000266 


37640 


458 mils, of mils. 


Red 


0-0000266 


39180 


477 « « 


Intermediate 


00000246 


40720 


495 " « 


Orange 


00000240 


41610 


506 « ** 


Intermediate 


0-0000235 


42510 


517 « « 


Yellow 


0-0000227 


44000 


535 « ** 


Intermediate 


00000219 


45600 


555 « « 


Green 


0-0000211 


47460 


577 ** « 


Intermediate 


00000203 


49320 


600 « " 


Blue 


00000196 


51110 


622 " " 


Intermediate 


00000189 


52910 


644 " " 


Indigo 


00000186 


54070 


658 « " 


Intermediate 


00000181 


55240 


672 " « 


Violet 


0-0000174 


57490 


699 « " 


Extreme Violet 


0-0000167 


59750 


727 « " 



Thus red light is presumed to be caused by the ethereal medium performing 
in A given time about half as many oscillations or undulations as are neces- 
fwrj to generate violet light Hence the waves of the latter are nearly of half 
the length of those of red light It may be estimated that about 421 billions 
of waves are required to propagate red light during one second of time, and 
799 billions to generate violet light during the same period. 

610. From some beautiful researches of Sir John Herschel, in connection 
with the photographic powers of the spectrum (844), it appears certain that 
a band of oolored light of still higher refrangibility than the violet may be 
detected just beyond the limits of that tint This new band is barely lumi- 
nous, and has been denominated the lavender band by its discoverer. From 
his more recent observations, Sir John, however, suggests the possibility of its 
possessing a barely luminous yellow color. 

611. The seven colors of the solar spectrum are generally regarded as 
ngi^^ because they cannot be separated into others by a second refraction 
through a prism, in which they differ from the tinted light obtained by pass- 
ing the raui^s beams through most varieties of colored glasses. When light 

through even the most transparent medium, as water or glass, some of 

* Treatise on Light, in Enoyclop. Bletrop., by Sir John Herschel, 675. 
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iii«idhdBlloiM beeooM chte l Bed,Md ihete wyin 
opBoHyof the ■ubtttmee; the tnoMmltted vadidMioBib 
wch the eye, commnnioate the lenwtion of ihal colnt, n^toh i> pewb ee A ly 
the vndalBtioiit of aMte light fniiiiif thoio whkk lmv« boon dMohtdari^ 
■ wtod whiUt p— ing throagh the givae niedttaaL. Thnib on InkUiig a plM 
of anall blue glaM between the eye sod die light, the tmnwnitted nyi vft 
be of A fine blue oolor,wid connttof Ainixtueof oil tfaoM ondntatioiitiiM 
baf« not been checked by the glan; «nd if d eoompoeed by iho prim, vB 
oKhibit the ufloal qmtnm (605), deficient on^ in dioee rayt whidi w«nii^ 
•oriied by the bhicr glut. 

, 613. The nyi that abeorbed by die Una i^mo ne dio nd,' with tamd 
die bine. On ftimnining the fofaur epootram thxongh noli m pfooo of glMb. 
which is best done by placing it before a pritm, thfooi^ whioh the dbtemr 
k regarding a hole in the window-flhiitler, Sir IltTid Brawatar Ibinid OaiAi 
greater part of the red and orange rayt had diMppeared. Tha yaUow laul 
appeared greatly inoreaaed in breadth, anaoaohing OKt tha qpaoat ftcmatf 
oorered by the orange on one tide, and tha^ green on dia other. Henoe, Ai 
eolored glass had abeorbed those rays whibh, when mizad whh dbe yaflpvi 
oonstitute orange and green, and consequently iSbe green cf tha ■ p aotr um W* 
aomes decomposed into blue and yellow, and tha <?iranga into yellow and mL 
This has been by Sir David termed the simplifloatkm of tha q>eotnim,.liy ibf 
■orption, and greatly corroborates the views of diosa philosophan wbo twit 
contended for the existence of but three nrMiarf ooion,as rad, yaUow, and Umi 
613. The solar spectrum may therefore be regarded as eompoaed of diTBS 
qpectra of equal lengths overlapping each other, tha red having h» greaiert ia* 
tensity in the middle of the red space; the yellow iii tha middla.of tbm baad 
of that color, and the maximnm of the Una b e tw e en tl|e band of that cote 

and the indigo. Sir David has azhifaated 
by means of three chirves die int8ii|ibiM 
of tint of the three spectra, which -he oo» 
ceives tO constitute the solar qieetroiBi 
Thus, if CH represent this spectrum, the 
red curve a commences abruptly, ate, 
and tpradually declines to a ; the yellow 
one, T, commences less abruptly ; and die 
blue one, s, begins with a very gradml 
curve— the heights of these curves, oc 
lengths of their ordinates, represent the intensities of the tints of these pfif 
mary tpedra in every part of ca. 

Placing a for the primary red, b for the primary blue, and t fbr the pri* 
mary yellow rays, the following will be a view of the proportions in wluoh 
these rays exist in the spectrum, and in white lig^t: 
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Color. 


Proporiion of primaiy rays. 


White 


20R+30Y+50B 


Red 


. . . . 8R 


Orange 


7R+7Y 


Yellow 


8Y 


Green 


13 Y + 10 B 


Blue 


6 Y + 12 B 


Indigo 


12 B 


Violet 


16B+5R 



614. Each of the prismatic colors has some other which is said to be com- 
plementary (642) to it, and which when combined with it produces white 
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H^bUL ' If we icgBrd the indigo as a eeparate color and regard it as a deeper 

■hade of bloe, the remaining six may be regarded as composed of three pri- 

maij' (611) and three secondary colors. The complementary colors to each 

of the former will be the compound tint made by blending the other two, 

whilst the complementary tint to each of the latter will be that primary color 

which does not enter into its composition. This may be 

■een at a f^nnoe by the following diagram consisting of Fig. 299. 

three intersecting circles each representing a primary 

tint In the centre, where they all overlap, white light 

is produced, at the other parts the complementary colors 

are exactly opposite each other. 

615. Media of various colors absorb different primary 
lays, by checking the undulations producing them ; thus, 
ibe piece of blue glass already referred to (612), checked 
or absorbed the red, and part of the blue ; some pieces 
of red glass, or a combination of blue and red, absorb 

every ray except the homogeneous red. A solution of the amraoniacal-sul- 
phate of copper transmits the violet, but checks all other undulations ; while 
the amraoniacal'Oxalate of nickel checks the violet, and transmits the blue and 
led. This remarkable absorptive power of different substances becomes curi- 
ously modified by heat, as shown by the tints assumed by various substances 
at difierent temperatures; thus, the periodide of mercury turns yellow, bin- 
oxide of mercury black, and the salts of cobalt blue, on being heated. 

616. On examining the solar spectrum (605), the green rays are observed 
to be plaoed very nearly in the centre, and are hence frequently termed the 
fMflflui or medintm rays of the spectrum. If, instead of using the prism referred 
%> (509), one of the same kind of glass, but of greater refracting angle, be em- 
pkyed, the length of the spectrum, or distance of the mean rays from the ex- 
tremities, will be increased; and diminished, if the refracting angle of the 
ptuai be lessened. But when the spectra produced by two prisms, one of 
flint, and the other of crown-glass of equal angles, be examined, that produced 
by the latter will be found to be shorter than that by the former ; hence flint- 
f^tua IB said to have a greater ditperting power than crown-glass, because it 
Ipieads or disperses the spectrum over a greater extent of space than the 
oCher kind of glass. A thin hollow prism of glass filled with oil of cassia, pro- 
duced a speotmm of twice the length of one produced by a prism of solid glass, 
on acoomt of the great dispersive power of that fluid. 

617. If the prism abc be of flin^glass, and one of crown-glass afc be ap- 
plied to it, the spectrum will disappear, and the spot of light wwill be repro- 
dooed, not colorless, as when the prisms were of the same kind of glass (608), 
but tinted on one side with purple, and on the other with green light. This 
arises from the unequal lengths of the spectra produced by the prisms of dif- 
ferent kinds of glass, and consequent different dispersive power, which prevents 
their (so to speak) completely neutralizing each other's effects. 

618. The dispersing power of a substance is not proportional to its index 
of refhujtion, and may be calculated by dividing the differences of the indices 
of refiraction for the red and violet rays, by the excess above unity of the 
index of refraction of the mean rays. Thus, the dispersive power of crown- 

glass is 003902 for 1-5466— 1*5258 = -0208 (511), and ^^^°^ -- 003902. 

The following table represents the dispersive power of a few substances, 
Iiom the experiments of Sir D. Brewster : 
26 
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Nmha 


power. 


Name. 


~P-r 




(KIOTCOBRB . . 

PhosphoroB . . . 
Solpliiuet Carbon 
CHI of Cloves . . 
Oil of S«»sarrag . 
RocJeEbIi . . . 
Oil of Tliymo . . 

(XlofJunirer. . 
Fiintglau . . . 


0133 


OilorTiupentina 


0043 






0(M1 






DismoDd . . . 
Elber .... 
CaslorOil . . . 
Water .... 
P!ah^l»» . . . 

Alcchol .... 
RockCrrntal . . 




0115 


O038 




0-oeo 


0-037 




038 




0053 


0O3S 




0.050 


0-0311 




00*0 


0«J1 




0.047 


00-sg 




0O48 


0.0S6 






CI9. Nat onlynre (lie total lenclhaoTlhe tpectra altered by the aulmiiDlHiii 
of priims of different diaperaiio powers, hul the apBcea occupied by the h> 
lorcJ banila ore nol proporlional lo ibo altered lettgtb of ihs whole ipectrum. 
This curioiu effect is leimed llie irralionalilti of the Bpeotial disperaiDn, and ia 
IBtnBfkably well shown by iieing Iwo prisms, one of oil of cassia (C16), the 
ottier of lulphuric acid. If the spectra, produced be of the same length, the 
moat reH-angible colore, oi tboee caused by the most rapid undulations (<iO0), 
u the violet, iDdigo, and blue, will be found lo occupy a much larger portiou 
of the entire Bpecirum in the foimer than in the latter; the reverse being tbe 
Mse with the least refrangible rays, as ted, orange, and yellow. 

D20. A very remarliable dispersive action is eicitpd by a very small nunv 
bar of bodies on light, and lo wiiicfa. attention has beeji lately direcied by Sit 
Jolin Herwhel. This action seems chiefly confined to a variety of floor spar, 
mnd to solutions of salts of two organic atkaloids, quina and vsculine. It ia 
basi observed in a solution of sulpbate of quiiui in water acidulated with sul- 
phuric acid. The fluid, although tenlly oolotless as water, disperses from its 
■uiface, even when in the thinnest tllma, a lively blue light, wbioh when 
eiatnlned by viewing it through a prism, appears qoiie &ee from the para 
led rays, part oftlie orange, and all ihe yellow: this has been termed qnjxAc 
dispersion (Ivmx), a surface), from tbe seal of tbe action being at or near the 
turiace of the liquid. Tlie light tlius i7npo2isA/, or, in other words, transmitted 
through Ihe dispersing solution of quina, has undergone a physical ctrange, 
Hitid is QO looger capable of developing the blue tint of salphate of quina or 
other body posseseinp lliie properly. This may be duiwn by llllinfr a glass 
with water and placing behind it a tube filled with a solution of quina, 
care, by sereens, to cut off all side light; ihe blue dispersed light will 
.udiiilly distinct. Then repTace ihe water in the trough by a. solntiaa 
of qoina. and the blue tint previously visible in Ihe tube will vniiislL 

If the solar tiiy>, aJmiiled liitough a narrow slit in a plate of metal, 
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be omniiied fhiongh a prism, a long spectrum traversed by numerous dark 
Ubm will become visible ; and the late Dr. Ritchie found that if a bottle con- 
tuning nitrous add gas be interposed between the spectrum and the light, 
thOM lines will increase so much that the whole will present the appearance 
of a striped carpet 

These lines were first observed by Dr. Wollaston, and have since been 
esrefally studied by Fraunhdfer, Brewster, and others. None of them exactly 
correspond to the boundaries of the colored bands, and they appear for the 
same kind of light to be perfectly constant About a thousand of them have 
been ooonted by Sir D. Ikewster. Several of these lines have been selected 
by FiaunhOfer, on account of their distinctness, and the facility with which 
they are discovered. These lines are known by the letters bcdefgh : of these 
B lies in the red band nearest its extremity, c further advanced in the red, 
B is a strong double line in the orange space, very readily distinguished, e in 
the green, f in the blue, e in the indigo, and h in the violet spax^s. There 
are, besides, three very remarkable lines in the green band between b and f. 

622. All these dark lines arise in all proljability from certain undulations 
becoming checked or absorbed (612) during the passage of the light to our 
earth ; those above referred to are constant only for the light derived directly 
or indirectly ftora the sun ; for almost every fixed star has its own system 
of lines. The line d, indicating the place of a deficient ray, appears to be 
Teiy constant in the light of the planets, and of many of the fixed stars. The 
spectrum from lamp-light appears deficient in three dark lines, d being re- 
placed by a double bright one; the ray thus wsuiting in the solar spectrum, 
appears to correspond to the homogeneous light evolved during the combustion 
of aloobol, in which common salt has been dissolved, as in Brewster's mono- 
chiomatie lamp. 

623. The great value of these fixed lines, is their enabling us to take very 
accurate measures of the refractive (581) and dispersive power (605) of 
bodies. The following is an abstract from the table of Fraunhofer's admea- 
sarements of the refractive indices of water, oil of turpentine, flint, and crown- 
glass, for the rays b to h inclusive (621). 



Refracting Medium. 


Names of Rays referred to. 


B 


C 


D 


E 


F 


G 


H 


Watei; lit obser- ) 
vation . . > 

Water 9d obser-) 
vation . . ) 

Oil of Turpentine 

Crown-giaas lit ) 
specimen . «{ 

FUntFglast 1st spec'n 


139(1035 


1-331712 


1-333677 


1335851 


1-337818 


L-341293 


1-344177 


1330977 


1-331709 


1-333577 


1-335849 


1-337788 


1-341261 


1-344162 


1-470496 


1-471530 


1-474434 


1-478353 


1-481736 


1-488198 1 1-493874 


1-534312 


1-525299 


1-527982 


1-531372 


1-534337 


1-530908 


1554684 


l-60;i042 


1-003800 


L-G08494 


1614532 


L 620042 


1-630772 1-640373 



624. The intensity of light in the solar spectrum appears to be greatest in 
the 3rellow band, and from that space it decreases to both extremities of the 
whole series of tints. Fraunhdfer has exhibited these variations in the light of 
the difierent parts of the spectrum by the curve bkl, the ordinates of which 
iiwlicate the intensity of light in the different parts of the spectrum by, in which 
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Fraunhurec's lines 
IriBrbeiL Taking ihe ordini 
ncnily in the bounctory between the yellov 
nnil orange aa uniiy, the folIowinE will 
represenL ibe illuminBliDg power of Ihe 
spectrum in tbe diiibretil poniona occu' 
|)ieii by FraanbOfer's raysi tbe red el- 
Iremity being indicated by K, and llie 
violet by v: 
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Spectrum. 
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G 
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of light in 
K;M = I 


Ofl 


0-032 


0-94 0-M 


0-48 


0-17 


0-031 


(H156 


0- 



CaS. The calorific powers of the speclram increaae ftom lbs violet to die 
led eilremity, and even extend beyond it, the obecuie space bounding the red 
extremity posiessing a higber temperature than llie red band iisclf (a DOS); 
■O that it ii evident, that when luminous undulations are propagated thnnigli 
a prism, a txrtain amount of ibem move with too little rapidity To oommuni- 
cale to the eye llie sensation of light, and are only to be recognized by theit 
oalorifla effects, Tfaeae rayg of non-luminous beat are lees refrangible than 
the rayg of red light, and are therefore found in the greateat Qbundsnce beyond 
the band of that color. 

These cHloriHe rays liave their silDation altered according to the ief>aclin| 
medium of which the priam is couBirucled ; being, according to Prof. Seebeck, 
in the greatest number in the yellow band, when a prism of water; in the 
orange, when one of sulphuric acid ; in the middle of the red, when one of 
crown-glaasj and beyond the red, when a prism of flint-glass is used. These 
phenomena are explicable on the supposition that there exist in the n^ 
beams, rays of heel of dUTerent refmngitrilities (SSI). Consequently the re- 
fractive power for heat of ibe medium of which the priem is composed will 
materially alTcct the dispersion oF radiant beat over die luminous spectrum. 

From the observalioos of Nobili and Melloni, on a spectrum produced by 
a rook-salt prism, the highest temperature was found beyond the red, and 
about as liir diilant from it on one side as the blue band was from it tn 
iha other. The following were the results obtained by Sir H. EngleHeld: 
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Bfipeu* to reside in greater intensity at one end of the spectrum than the 
other. This may be shown by dipping in a solution of nitrate of silver a slip 
of paper, previously washed over with a solution of common salt; on drying 
this, and exposing it to the action of the solar spectrum, a very remarkable 
effect will be observed. In the course of a few minutes the chloride of silver 
with which the paper was imbued, will become of a deep slate color in the 
violet, and in the sombre space beyond it ; whilst in the yellow, orange and 
red, it will remain scarcely affected, its color being less altered in the blue 
than in the violet, and still less changed in the green (864). Thus the chemi- 
cal action of the different rays of the spectrum appears to be concentrated in 
the violet band, and in the dark space beyond it, at the directly opposite end 
to the seat of the calorific rays, including the lavender band (610) noticed by 
Sir John Herschel. So that there is a reason to believe that those undulations 
which are propagated through a prism with too great rapidity to act on the 
organ of vision, possess the power of exerting certain chemical effects on 
many substances, in the same manner that calorific effects are exerted by 
those undnlations which move with two little rapidity to produce the sense- 
tion of light* Granting tbis, we met with another circumstance in which 
the propagation of light by the undulations of ether, and of sound by those 
of air, correspond. For it has been already shown that to most persons atrial 
waves moving with a velocity sufGcient to strike the ear less than 16, or more 
than about 8,000 times in a second, are inaudible (203) ; whilst ethereal un- 
dulations, if less frequently repeated than 458 millions of millions, or more 
frequently than 727 millions of millions of times in a second, are incapable 
of acting on the visual organs. 

627. If SB represent the solar spectrum produced by flint-glass, and ab nx the 
noD-luminouB portions beyond it, at each extremity, the curve khb will give 
an idea of the position of the calorific rays, and acd the position of the chemi- 
cal rays. The longest ordinate of the curve ehb falls without the red ray k 
in the obscnre space beyond it, where the calorific effects are most manifest; 

Fig. 301. 




and the longest ordinate of the chemical curve acd fulls in the dark space 
bpyond the violet ray v, where the action on chloride of silver appears to be 
most intense. Both curves rise abruptly, and gradually decline to zero at 
opposite ends of the spectrum. 

628. When light passes througli a prism, it becomes resolved into a series of 
colored rays, of which the most refrangible become bent towards the thick part 
of the refractor (605) j but when it passes through lenses, an analogous resolu- 
tion into colored rays is not so readily observed, although it does exist, and to 
10 great a degree as to interfere most seriously with the perfection of micro- 
scopes and telescopes, causing the image to be tinted at its edges with various 
colors, producing chromatic aberration. The section of a convex lens may be 
represented by two prisms ab, placed base to base, and that of a concave by 

• Vide Chapter XXX. 
26* 



rN POLAR] ZED LIOHT. 




lond T«y>, nnd Ihe most frangible, or violel TT, are brcmghl to b rocns nea 
the lens, Hiiil Ilie least tefrangible, oi red bk, Io one al a greatei didtaoce^ ic 
that, on placii;g a piece of paper alir,the imBgeofihe sun or other luminooi 
body wil[ be seen Buriounded by b violet or a purple border, which wilJ ba 
reptaoed by a red one on moving the paper to ea. 

639. The greatest improvement ever made in optical inBtruments coobUu 
in the discovery of achronuitic lenses; tlie«e are Ibrmed by combining D con- 
cave and a convex lens, conelrucled of substances ol' differant dispersive pow- 
•n (61S). Tbua, if a convex lens made of crown-glass, wboee dinper^ve 
power is 0036, bo comlrined with a concaye 1en£ of 
Fig. 303. flint glau whose power of dispersion is 0'0393, a com- 

j TLTTrr 1 P"'""' '*"■ "'l' l* conslrucied capable of refracting 

"^ ^c R P W^l.^ ty would be perfect, if the colored bands produced hy 
prisms of these two glassea were of equal braaddii but 
in consequence of llie irrationality of the spectra (G16), 
this perfect neulralixalion of tint takes place only witli the eilreme rays, the 
riolel and red; the intermediate ones uupeifectly destroying each other, cause 
the tibject vicwoil llirouuli such compound lenses lo be bordered by fringes, 
which, however, are so faint, that for all ordinary purposes the combination 
may be considered aa achroniBtic. By employing certain fluids, as hydro- 
chloride acid conflned between two lenses of ciown-gtass, Dr. Blair overcame 
this remaining difficulty, and obtained a compound lens, perfectly achromatic 
for the intermediate as Ibr the extreme rays, 

630. When two or more unduladona emanating from the same source, bo> 
<R1 a panicle of ether, it oscillates wiib an intensity corresponding to the com- 
bined force of ibe andulations (554} ; the same thing occurs, providing the 
latter are of equal length, or differ by a given number of entire undulations, 
even when they emanate from diflerenl sources. But if the waves acting on 
B. particle of ether differ liy any fractional number of undulations, they in- 
terfere and oppose each other's action, and thus actually produce partial or 
total darkness. To render this more clear, if any 
Rg. 304. number of rays prmluced t^ 1, 3, 3, or any whole 

mber of uudnlntiotis, act in concert, increase of 
effect is produced; Uit when a certain portion of 
the rays are produced by 1, S, 3, or any whole num- 
, whilst anolber set are produced by IJ, aj, 3^, or 
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DmursEHcn of light. 807 

■Of putide of ether at c most be made to assume a moTcment oorrespondiog 
to the oombmed action of ▲ and b, and a correspondiug intensity of light 
will result. Then alter the relative position of ab, so that ▲ may begin 
(Mie*half an undulation later than b, as at a'b', then it is at once seen 
that they will be alvirays in opposite phases ; for any particle of ether at 
1/ will be acted on in opposite directions by jJ b'; for whilst the undulation 
F is moving from right to leA, b is moving in an opposite direction, and mu- 
tually opposing, they will cease to act on a particle of ether at c, producing 
darkness by the conflict of two luminous undulations. If the waves of light, 
instead of meeting at the end of an entire half undulation, encounter at any 
fractional part of one, partial interference will ensue, and colors will be de- 
veloped, bearing a relation to the length and velocity of the undulation 
remaining undestroyed. 

In this explanation of the interference of luminous waves of ether, it must 
be borne in mind that the series of progressive undulations here figured are 
assumed merely for the sake of facility of demonstration, as it has been 
already pointed out (552) that undulations of highly elastic media, as ether, 
consist of a series of alternate expansions and contractions of spherical mole- 
cules in opposite directions, and not of any truly progressive movements. 

031. We have already seen that the interference of sonorous undulations 
produce silence; and in the extension of this fact to luminous waves, we 
meet with a striking analogy between the oscillations of particles of ether and 
of air, the difference being rather in degree than in kind (1 76, 230). The com- 
bined or diminished action of luminous undulatious, bears a remarkable 
lelatioQ to musical discords and concords, the former being produced when 
■onoroos vilirations, differing in their rapidity by fractional portions, interfere ; 
and the latter when similar vibrations, bearing to each other a relation in 
whole numbers, strike the ear together. 

639. An experimental demonstration of the interference of luminous un- 
dulations may be obtained, by an experiment first proposed by M. Fresnel. 
Allow a ray of light to fall in the direction pc upon a prism with an exceed* 
ingly obtuse angla Then the eye placed at ▲ will see the radiant point 
doable, apparently in the directions bb, and between these two points, a series 
of dark and bright lines perpendicular to a line joining the two images. If 
homogeneous light (605) be employed, as that from a spirit lamp with a salt* 
ed wick, the lines will be alternately yellow and black ; but if common light 
be employed, they will be tinted with the prismatic colors. 

Fig. 305. 
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The explanation of those colors is plain enough. The two images bb may 
be regarded as the centres of two series of undulations, put, as we have seen, 
in the case of two series of waves in water (176). When these undulations 
meet in the same phase light is developed, and when in opposite phases, in- 
terference is produced, and darkness or colored light occurs, according to cir- 
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In ibe abore figure, ihe dotied curv« fliow the boundanei 
tb* balf. anil the entire curves thote of ibe entire uoilulBiiODs. Th 
iloli (bow tlie point) where liiminous jnteTrerenoe occurs. A fine i 
MM enioi, iimving Ibe ml origin of these daili bande, ia made by Coienn; 
Up one-hair of the prisoi ; the inlerreriog toys are ihen cut off and ihe taadt 
inauntif vaiiiih. 

033. Ad intercMing act of illttstmlions of Ihe doctrine or luminous inln- 

lbf»noa.i« mei wilb in tlie phenomena of diffraction dinwiTered by GrimaMi, 

a Jemii of Bologna. To oltseive these pn^rly, a beam of diverging light ii 

»ac*>atii7; tliis may be obbuoed by makioK a small liole in a window shuUet, 

Biul receiving Ihe light on a screen ai Ihe distance of some feeL If a conta 

kn«, of (mall focal length, be fitted in (lie hole in the shutter, the light is le- 

fiactnd almost to s point, from whenoe it diverges in K tnaiiner extremely 

lilted for eiperimentB on dilTraclion. For small eiperiraents, a pyramidal 

bni, laca, about two feel long, and hlsekened inside, tnay be advantageously 

employed ; at a, a convei lens, of an inch focus, is fiied, on which, by means 

of iJiv plane mirror a, ■ sunbeam can be readily throwti. The light is refracted 

hy Ibe lent to ■ point, and then direrging, is receive^ on a sheet of while 

paper placed at Ibe bottom of the box; by means of a door sliown at F in 

the section, the bniom becomes easily visible, 

Fig. 30G. without admitting any quantity of eitisDeoas li^ 

634. If any small opacgiie bodlee. as hairs, pins, 

&c., be held Id Ihe beun of diverging light, kll, 

iheir shadows will be thrown on the bottom of 

the box, lurrounded by colored fringes. If ■ be 

a section of a pin thus exposed, the frinfies are 

seen surrmmding its shadow, as though they were 

proiluced by colored rays passing by its margin, not 

in etmight lines, IhiI in hyperbolic curves,aa shown 

by iniererpimg ibem at different distances tf a 

piece of cord : when their decrease in extent will 

be [butid to be mucb mote gradual than if the light 

liassed by a in right lines. Besides these external 

friiiges, there are interna! ones within the shadow, 

■" which, iftho boiiy benarrow.Hsapin, becotnesoom- 

pleietyfilledwithlhem. These colors are, as Lord 

Brougham* has long ago shown, in barmonio proportion, like those of iha 

•olar spectrum (6tNl). The lints of the colored fringes, reckoning from the 

•hadow, succeed each other in the following manner: 

'"■ '" "'"' " indigo, blue, green, yellow, red. 




ige — blue, yellow, red. 



L 



8d fri _ 

3d fiinge— pale blue, pale yellow, red. 

If liBmogtmoiu light (805) be employed the fringes will be of the snne 
color as this light, and their Inlervala will appear black. The fruiges are 
bimdesl in red, narrowest in violet, and of inierniediate breadth in ilie other 
oolori of the spectrum, 

035. These phenomena admit of ready eiplanatioti on the theory of inter- 
ference (630), for the diverging light which passes by one side of the pin 
(834), meeting with that passing on the opposite side, coincide, and produ™ 
a line of white lighl, which ought to occupy tlie middle of the sba<low. 
Whilst those mys which differ in their pndis, as those protluced by undula- 
tions, which pass oblirjuely past the pin itKo its shadow meeting with those 
"■'■'"'■ a directly on the opposite side, being of course unequal in 



Atit pttlhl, encoantei onder liferent ptuues (^34), and iaterrere (B30), 
■khei ohaeking tha nndulBtioa entirely, and pioduaing daikaeBB, aa whan ho- 
mogeneona ligbl ia used, oi so parlially checliiiig it aa 10 allow such a number 
of mOTVnBDtB la be executed in h given time at sluill be eufiicient to piodnce 
m coined friage. 

636. In ghadows of this kind, fbnned by DBrrow bcxUea, tha middle is al- 
way* oocapiad by a luminous line, as though the light had passed directly 
throDgb the centre or tbe difiracting body. This reiy curiouB bet ii beat ob- 
aerved by holiling a small disc of metal on a slip of gtasa, in ihe diverging 
light (633) ; the rays passing by its circumference are inflected, and meel, 
after tiavening eqnal paths, in similar phases in the centre of the shadow, 
prodocinga brilliant spot of light Theahadow ibua precisely fesemblos that 
of a ciicntai diso perfiuBleil in the centre. This beautiful experiment is best 
perlbrmed by meaiu of a drop of thict tJaeli ink, or a mixture of lamp-black 
and sixe, placed (xi a plate of glass, so as 10 form a circular spot about the 
tenth of an inch in diameter. For this modificDtion of the original experiment 
oT Fresoel, we are indebted to Professor PowelL 

037, If a disc, perforated with a very small hole in the centre, be held in 
tbe beam of diverging light (630), the converse of the last experiment will be 
ofaaerved; lor those nmlulatians which pass directly through the aperture, in- 
terfera with those passing nuire obliquely, and produce a dark spot on that 
part of the ahsdow corresponding to the hole in the disc. Thus, we find light 
Tirtmlly changed to darkness, and darkness to light, by the dita/rd or amarrd, 
of tbe Inminoua waves. 

638. If two kniie edges be held very near each other in the beam of light 
(B33), beatitifully colored fringes will be oheerved to border their shadow, 
and a dark line will, if they be sufficiently near, be seen lo occupy the middle 
of die apsce, at which they are really separate. This result of luminous mter- 
ferenoe may be readily shown by fixing a slip of tinfoil on a plale of glRss, 
and dividing it longitudinally; and very slighly scpanile the divided portions 
M one end, so that they may form a very acute angle with each other, as at 
AicD. Hold this ID ibe diverging light of the appaiBtus before described 
(033), about six iru^ea from tbe bottom, so 

that it ituiy form tt well-defined shadow. Fig. 307. Fig. 308. 

The centre of the shadow, oorreaponding to _. 

tha slit in tbe tin-loil, will be marked by an 

obaouie line, and the ahadow from this line ". _ I 

will be coveted with a beautiful sat of 

fringes diverging Irom each other aa they 

■ppmaoh the apex of the aculo angle r, 

formed by the ooil, bounded on each side 

by hyperbolio curves, with their convex 

ur&ces towards each other, as if diverging 

Irom vertices situated al xi. So thai ihe 

widest parts of the curved fringes corre- 
spond to the apex of the angle formed by the slips of tin-lbiL In the figure, 
>•■ rapieaeot the projection of the slil in the foil on the paper on which the 
ahwlow Uls. This experiment is an easy, although rough mode of repeating 
Newton 'a obseivations with the knife-blades.' 

639, The explanation of the cause of colors by diflraction (633) is finely 
illnstraled by placing a card on ono «de, and on a plane above or below the 
hody ■ (533), so aa to intercept some of the incident or dilfiacted lights the 
Ainjet tbra disappear, because one set of tbe uoduletions producing inter'. 

• Opliee. Lib. iii.pBri. i., oba.10. 
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Terence have been cut off. If a transparent body be sobetitnted for the oud, 
the fringes undergo a remarkable change, from the retardation of those undu- 
lations which are propagated through the transparent screen. 

640. The beautiful phenomena of diffraction may be easily observed bf 
viewing, in a darkened room, through a piece of the finest copper wire gunt^ 
a series of objects, fixed in a large screen of black pasteboard, so plaoed ai to 
prevent any light reaching the eye, except such as passes through the ofajeoL 
The following give particularly interesting results. 

Fig. 309. Fig. 310. 





A. Fix six sewing needles over a hole cut in a piece of blackened wood^ 
taking care their mutual distance corresponds to the thickness of a needle. 
On viewing this object at a proper distance through the gauze, each needle 
will appear transparent, the centre of each being occupied by a line of reddidi 
light, 

B. Examine in a similar manner a piece of tin-foil, in whicn a fine dit, 
about one-twentieth of an inch wide, has been carefully cut The slit will 
seem widened from light entering the shadow, its centre being occupied bf 
two vertical lines of bluish-black, whilst a series of colored bands will extend 
to a distance of half an inch on each side of the slit 

Fig. 311. Fig. 312. 





C. Make a line of small holes in a piece of tin-foil by means of a fine 
needle. Each hole will appear bordered with a reddish margin, whilst i 
series of spectral colored openings will appear in the foil for half an inch on 
each side of the real aperture. 

D. Perforate a piece of tin-foil into a very fine needle, as shown in tbe 
figure. Each opening will, when examined as above, present nine ook>ral 
squares like a window, and the spectra will be so numerous, that the foil will 
appear full of boles, admitting light of different colors. 

641. The brilliant tints of soap-bubbles, and thin plates of different trail** 
parent bodies, afford other examples of interference of light; for the nndulf 
tions reflected from their first surfaces interfere with those reflected from tbe 
second (567) : and upon the amount of retardation thus experienced by the 
limiinous waves, the varieties of colors observed in these thin plates depend. 
The colors of soap-bubbles are best seen by boiling a small quantity of sotp 
with distilled water in a bottle, and corking it whilst boiling hot Trie whole 
being secured from air, is allowed to cool, and on adroitly shaking the bottle, 
a large bubble, presenting the colored bands with great beauty, may be readiljr 
formed ; this bubble is permanent for several hours, and affords every fodlitf 
for examining its tints. 
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116 oofOfS of ami p1jit68 01 SIT msjT uO ooBCTTed bjT presnn^ V convex 
plate of glass, and holding St in the light, so that rays reflected irom 
88 to die eye. At the point of apparent contact with the lens and 
lack spot will, under these (nrcttmstanoes, be visible; this is sur- 
If a great aomber of rings of difierent colors, each series of tints 
: of fewer colors as tbey recede fh»n the centre. On holding the 
ytween the eye and the light, a set of rings will be observed, differ* 
or from those seen by reflection; BnA^compltmeiUary (614) to them, 
\ possessing that color, which by mixing with the tint of the corre* 
reflected ring, would produce white light The following are the 
ttie rings, observed by reflection and transmission, commencing from 
3 or point of apparent contact, as given by Sir Isaiac Newton.* The 
le, CA, represents the section of one-half the convex lens, and the 
ne CB that of half the plane glass against which it is pressed. 

TrantmtUd Bxngi, JRefieded Rings. 

C 



White - 

Yellowish Red 

Black 

Violet 

Blue 

White 

Yellow 

Red 

Violet 

Blue 

Green 

Yellow 

Red 

Greenish Blue 

Red 

Bluish Green 

Red. 



Black, 
Blue, 
White, 
Yellow, 
Red, . 
Violet, 
Blue, 
Green, 
Yellow, 
Red, 
Purple, 
Blue, 
Green, 
Yellow, 
Red, 
Green, 
Red, 

Greenish Blue, 
Red. 



lie following are the thicknesses, expressed in millionth parts of 
f plates of air, water, and glass, required to produce the different 



mgs 



* Optics. Lib. ii., part. 2. 
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Colors seen bj ReBeclion. 




VerrUaok .... 

Blwdc 

Bleckiih. . . ■ . 
. Palo Bky-bluB .... 
While (like polishsd silver . 
Straw oolor .... 
ige-red (dried orangepcel) 
Red ({!eisi)iiiin raiiBuiDenni} . 



Ifu] 



■I (vnpor oriodine) . 



J Green (ibal of Ibe sea) . 

■ 1 LemoQ-yBllow . . - . 

I Orange (rceab rind uT oranges) 

Bright red ... . 

[^ Dusky red ... . 

r Purple (flower of Hu) . 

In^ligo 

Prussian blue .... 

. i Grass-green .... 

I Pale yellow .... 

BoHTed .... 

^Bluiah-red .... 

Bluish -green .... 

Yeltowbh-green 

Pale RMe-ied .... 

Pale ross-red .... 

Greenish blue. 

Pale lose-red .... 

Oreenish-blua . 
Pale leddish-white . 



SI-00 

aa-10 

33*40 

aS'ao 



34-00 
35-20 
3600 
40-33 



I 



aa-oo 

32-80 
33-22 
26-00 



B)r aid oT ibis table, the tbickness of tbin fllms of air, water or glaM^ m^ 
be readily determined by observing the colore they reQecl. The compaiatiTe 
thickness of plates of two substances, reflecling the same color, are in the 
inverse ratio of their indices of refraction (370). 

These rings may be eihibited by merely placing two plates of window- 
glass, about foui inches squarp, K^elher, arid pressing them in the centre hf 
means of a pointed piece of metal. The diflerenl colored rings, scHcewbat 
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ChM D ir i eaDy ammged, will appear with great beautj aroand the pdnt where 
tho pntanre is. applied. ^ 

644. When these rings are observed by homogeneous light (579), they 
pvesent the same hae as that of the light itself; alternating with dark and 
almost noD-lumiDOiis rings, and appear to possess the greatest breadth in red, 
and the least in Tiolet light These rings appear to be larger, in proportion 
at we look at them in a more oblique direction ; this is best seen by examin- 
ing the rings produced, when a glass prism is pressed on the surface of a 
oonrex lensi 

The colored rings thus exhibited by thin plates, are produced by the inter- 
fereDce of the lig^t reflected by the first sui^ce with that reflected from the 
•eoond (567); for when either of these reflected rays is intercepted, the colors 
entiiely Tanish. 

645. The rings seen by transmission, are produced by those undulations 
which are not reflected, and are consequently propagated through the thick- 
ness of both glasses. Those luminous rays, which, when combined with the 
reflected rays, produced white light, being propagated through the glass, pro- 
duce the transmitted or complementary (538) rings. 

From Newton's table (643), we see that air, at or below a thickness of 
half a millionth of an inch, and water and glass at a thickness of about one- 
third of a millionth of an inch, cease to reflect light, and appear, conse- 
qoently, black. Films and fibres of quartz, so minute as not to be capable of 
wopagating luminous undulations, have been met with and described by Sir 
Mvid Brewster. 

646. It is by no means necessary that very thin plates should be used to 
exhibit colors, for plates of any thickness, so arranged as to cause the inter- 
ference of luminous undulations, will produce the same eflect This may be 
shown by fixing two slips of plate glass, about 0*10 inch distant from each 
other, by means of two pieces of wax, and then by pressing one end of each 
plate together, they may be so fixed as to describe a very acute angle with 
eadi other. On looking at a candle, through that part of the plates nearest 
each other, numerous reflected images of it will become visible ; the first of 
them appears crossed by a series of beautiful bands or fringes. These in- 
crease in breadth by diminishing the inclination of the plates; they are pro- 
duced by the interference of the waves of light reflected from both surfaces 
of each glass plate. 

647. The colored rings, observed by regarding the sun, or other luminous 
body, throng a piece of glass, covered with minute particles, as of dust, ly- 
copodinm,&ic.,or of water, by breathing on it, are all owing to the interference 
of Inminoos undulations inflected round the particles (634). A similar ex* 
plamitioQ will apply to the colors seen, by scattering flne powders or dust on, 
or belbre a mirror exposed to the solar rays. The beautiful tints presented 
bj mother of pearl, or other natural or artificial substances, whose surfaces are 
marked by minute striae, are all explicable on the hypothesis of interference; 
all that is requisite to produce these colors being, that the depression shall be of 
rach a depth as to cause an alteration in the path of rays incident upon them, 
equal to a fraction of the length of an undulation (554). 

648. Among the natural phenomena which serve to illustrate the laws and 
principles laid down in this and the preceding chapters, the well-known rain- 
bow and less frequent mirage especially deserve attention. The former con- 
sists of a colored arch, apparently suspended in the sky, and opposite to the 
iun, and is usually composed of two bows, termed primary and secondary, 
and Kxnetimes even of other supplementary arches. The rainbow is never 
seen unless a shower of rain is falling, or the spray of water, as from a cata- 
lael, rising between the spectator and that portion of the sky opposite to the 

27 




ed r>rs aninditaiit u Oie baiA qT di» dMH' 
within tba lunitiDg angla (SSO), tibaf iibiIibi . 
go tolBl rafleotioa and amorge at the lower para, >■ a in Ihis drop a, and pt^ 
aiM to the ere of the ipeolatDt a bow of tlu priamalio ooloit, bounded abita 
br (ha Tad, and below br the riolet nya. 

When dke aolai nyt enter the diopioriaui ftom balow, a* at •■, thef aia 
nftaoMd lathe baekof thedn^aodinideraotheauDeraaotiitkniaueatand 
l^i; thenoeare reflecttd toihel(y,and thencetothaOontof tbedity, ahwa 
th«r emetge, preMnting to tha ipaataloc the upprntmoo of a aaooDd bow, 
MBcrioc lo the flnt, and with iti tint* mooli fainter and nrenad, in mail 
ytnne of the mjra havittg mOeted two mOaodoat in aa, whilst in «a dav 
■Bdetwent but one. 



CHAPTER XXrV. 



Orriuuiry and atroBrdinary rayt of doubli rtfraetion, 650. Prine^ial Kttiem tf 
aytlaU, 651. DoMi rtfrartiBt powtr of oanout isrfia, 633. FaitiBi anJ 
ntgaline, rial and n$ullanl axu of daubit Ttfrattion, 653. li^ effmtiBt enri 
Mgalwt cryaalt, 654. Huygmian low of rapiditji of llu tun raft, SSS. t»- 
Untity of rffraelwt poaer in Sgtreat parU of cryMtaU, 656. 0]r<<ali M*A IW 
ant, 65 T. Jction^iriiitali on colond light, S5S. Doubly refraitiai pewa- «e- 
fMtrnf by Aangt of Urudvn, 660. PiAmxtd hgU, 661, Plimer ^ jnlarv 
jMfion, 663. DigirtHt modt* of polorinng Ught, 663 — by refractMi thnugk 
toOand ^tar, 604.— AicAoi'i prim, 665 — by abtorption, 666 — by rrftt^ait, 
669. GtHtrai proprrtia of polarixtd liglit, 670. Polarixatiim by n/raitifm 
through glaa-piaitt, 61^, Partial polaritaium, 676. Saiio btlicttn pelar it iHg 
angUt and refractive index, 678. Polarixaivm by inttrmal refriKtion, 680, 
Poiariiation of ftomoginanit light, 681. Polarixation by a ImidU o^ trail*- 
parent plata, 6S2. Polarwd light in cormnon daylight, 6a3. 

649. So fsr u we hare Tet examined tha properties of light, we haTe 
leaint that wheo a ny is incident upon the surface of aoy refiaotioK labatuioe 
in a perpendicular direction, It uodeigoea no change in in oouria; bat when 
incident obliquetf, it beoames refracted aooorJing to a law already dataiied 
(579). We hare tww lo notice soma very remailuible ptopattiea of a otut 
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of reftaoting media, capable of dividing an incident beam into two portioiM 
diflbring flom each other in their physical properties. 

690. ■ Let ABODrea' be a rhomboid of Iceland spar (carbonate of lime), and 
m nj of light st be incident upon one of its surfaces, 
in a perpendicular direction ; instead of passing through 
without reftaction as it would through glass, it will be 
divided into two rays, one to being in the direction of 
the original ray, sr, and consequently unrefracted, and 
another, tb, which is bent or refracted. The former is 
called the orrftnary, and the latter the extraordinary ray. 
If the ray st, instead of being incident in a direction 
perpendicular to one of the faces, were oblique, it would 
on entering the crystal, be refracted into two rays, one 
of them the ordinary ray, obeying the general law of 
lefcaction (579), and the other, the extraordinary ray, 
following a different law, becoming refracted from an 
imaginary line connecting two opposite obtuse angles Air. 

651. The double refraction of the incident ray may be readily observed by 
Tiewing through a rhomb of Iceland spar a card pierced with a small circular 
bole : on looking through the thickness of the crystal at the card, two holes 
will be visible, from the light entering the aperture in the card dividing into 
two rays whilst traversing the rhomb, before it reaches the eye. On turning 
the crystal round, whilst the object remains fixed, one of the spots of light 
will appear to revolve round the other. The fixed spot corresponding to the 

'path of the ordinary ray. 

A rhomb of Iceland spar, placed upon any object, as a line drawn on paper, 
will cause it to appear double, in consequence of this property of double re- 
ftaction. 

If the rhomb be gently turned round whilst on the line, one of the two 
lines at first visible will gradually disappear, and when tlie line on the paper 
lies in the same vertical plane as the imaginary one connects the obtuse angle 
of the crystal, they will merge into each other and appear single. No double 
refraction occurring along this line or in any direction parallel to it. 

In the rhomb of spar, the plane, aibit, passing through the crystal, and 
dividing it into two triangular prisms, is termed the principal tectum of the 
vboiub. 

652. The property of resolving undulations propagated through them into 
two leries difiTering in velocity, and consequently producing double refraction, 
it not confined to the varieties of carbonate of lime, but belongs in general to 
bU crystals whose primitive form is neither a cube nor an octahedron. A 
vatc number of crjrstals, as well as uncrystalized diaphanous substances, if not 
already possessing the doubly refracting structure, will assume it by exposure 
to heat, cold, compression, induration, and various other causes affecting their 
molecular arrangement (659). Some substances, as the tourmaline, are capa- 
ble of double refracting light, when very thin, and act in the ordinary manner 
vpon incident rays, when they are thidk. 

653. In all donUy refracting bodies, there are one or more 
directions, along which objects, when viewed through them, 
appear single (651); these are termed the Hnes,or axet of 
thibU refraction. In the case of Iceland spar, there is but a 
■ingle axis of double refraction, in the direction of a line con- 
necting its two obtuse trihedral angles, as shown by ab in 
the marginal figure. The axis of double refraction is not a 
filed line, but merely indicates the direction of a plane, in 
which doable refraction is absent; for if a rhomb of Iceland 
•par bo aplit into any number of smaller ones, each will 
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ill owM MLi> of uflttfiotii In wiil<ttiM oi3filil% iks Mris 
to the leoniecrkml aau^or • line »oiiiid . whkh IkoooMtilii 
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tkm odtts in the axis of a crjttal, io copi eq ntooa of tiiio pwaaae of tw 
doob^ leftaotiTe finoeaneutml^niic eoeh ollMr,u In mte; lUs tallMi 
Iho mwiltiiiy oxtf, in ooDtia-difitinetioii to • rool axti of donlilo 
Tbe ooone of the extnKxdinarily (690) refiwiled taf io oo mitot ftr 
oi^ital, with regard to the axis of double refiaotkxi, being vtfioeted'Oilker H^ 
wuda it in ptmtive crystals, as in quarts, or fiom it, in mgmtim oitoIbIs^ oo- ta 
loeland spar. Those crystals in whioh this my is beot towordo tiie wd% on 
nid to ha^e a positive, and when bent ftom it, a negativi^ oxia of dpoblo s» 



654« Ciyslals with one axis of double reSmOiion (6M), eoneoponaing wfik 
the geometric axis of the crystal, include, aooonUng to^fi^ David Bir o wstss^ all 
those bodies which caystalize in rhomboidj, regular heza£dral prisma, omI 
ooiaidions, or right prisms with square bases. Ttte IbUowing are soiDM of liio 
orystals possessing a single axis of doiAle refraetioii : 

A. PosiTiTx Axis. E Nboatitx Axia. 

IKoptase. Iceland spar. 

Quartz. Tourmaline* 

Zircon. Sapphire. 

Titanite. Emerald.. ' 

Apophyllite. Ferrocyanide of potaannm (aonio 
loe. specimens). 

Potass-sulphate of iron. Anwioniaoo-phosphate of smgMtl^ 

Boracite. Afica (some specimens). 

Cyanuret of. mercury. 

695. We have seen (651) that when a rhomb oC calcareous spar is plaaod 
upon a line drawn on paper, the greatest separation of the two rays, and 
consequently of tbe images, occurs, when the line is paoUlel to the great 
diagonal of the crystal ; and, on turning the latter round, the images gradually 
approach, and ultimately merge into each other when the line on ^ poper 
is parallel to the shortest diagonal. This arises in consequence of the extra- 
ordinary and ordinary rays being then placed in the principal sectioD (651) of 
the crystal. With regard to the comparative rapidity of propagation of tbe 
two sets of undulations into which light incident on a doubly refracting crystal 
is resolved, Huygens has demonstrated that the diffBrenoe between the squares 
.of the rapidity is equal to unity divided by the square of the sine of angle 
formed by the ray with the axis. In calcareous spar the ordinary ray therefixa 
moves with a greater velocity than the extraordinary one. 

656. If uni-axial doubly refracting crystals (654) be supposed to be shaped 
into spheres, of which the line connecting the poles correspondsto the axis pf 
double refraction in the original crystal, in positive refracting crystals as quartet 
the index of extraordinary refraction will be found to increase from the pole 
to the equator of the sphere; whilst in negative refracting crystals, as calca- 
reous spar, the index decreases from the poles or termination of the axiSy to 
the equator at right angles to them. 

In a sphere of calcareous spar the index of refraction of both rays will be 
the same, or, 1*054, if light be transmitted along the axis; at 45^ firom the 
latter, the index for the extraordinary ray will be 1*582, and at 90^, viz. at 
the equator, the index decreases to 1*482, from which point it iiusreases to the 
opposite pole. In a sphere of quartz, the index of re&action for both nfs 
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wni at tlMir uii be 1*5484, and at the equator the index of the ordinary my 
wwnalning the same, that of the extraordinary one increases to 1-5582. 
. 657a A large number of crystals, including those whose primitive forms 
are rigbt, or oblique prisms with rectangular, rhombic, or oblique quadrangular 
baiea, as well as octa&Jxons with rectangular or rhombic bases, possess two 
waun of double refraction. These are to be regarded rather as resultant (653) 
liMa actual axes, as they merely point out the direction in which two doubly 
leftaoting forces present in the crystal neutralize each other. These axes do 
noc oomspond to any prominent lines in the crystal, and form vario«is angles 
with each other ; fh>m the most acute, to one of 80*30, as in carbonate of 
pocass, and to a right angle, as in sulphate of iron. The following list contains 
the names of some of the most important double-refracting crystals, with the 
measores formed by the inclination at their axis on each otlier, taken from a 
laiga table by Sir David Brewster : 



Aa Principal Axis of double Refrac- 
tion. Positive. 


B. Principal Axis. Negative. 


Names. 


Angles 

formed by 

Resultant 

(653) Axes. 


Names. 


Angles 

fonned by 

Resultant 

Axes. 


Satphate of nickel 
Biborate of soda . . 
Sulphate of baria . . 
Spermaceti . • . • 
Healandite .... 
Soda^sulphate of magn. 
Bnualian topaz . . 
Sulphate of stiontia . 
Sulphate of lime . . 
Nitrate of silver . . 
Sooctish topas . . . 
Sulphate of potass . 
Potass tartrate of soda 


3° to 42M' 
28 42^ 
37 42 
37 40 
41 40 
46 49 
49 to 50 
50 
60 

62 16 
65 
67 
80 


Nitrate of potassa 
Carb. strontia . . . 

Talc 

Qirb. lead .... 
Mica, certain specimens 
Sulpb. magnesia . . 
Carb. ammonia . . 
Sulphate of zinc . . 

Sugar 

Phosphate .... 
Tartrate potass . . 
Tartaric acid . . . 


50 20^ 

6 56 

7 24 
10 35 
14 
37 24 

43 24 

44 28 
60 

55 20 
71 20 
79 



658. In crystals with two axes of double refraction, the ray, equivalent to 
the ordinary ray (650), differs from that properly so called, as it does not obey 
the law of sines (579) ; so that the two sets of undulations, into which common 
light is resolved by a biaxial crystal, are both to be considered as producing 
extraordinary rays. This observation we owe to M. Fresncl. Crystals are 
oocasiorially met with possessing two axes of double refraction, for light of one 
color, and but one axis for light of another tint ; thus Sir David Brewster found 
that glauberite possessed two axes mutually inclined at an angle of 5° for red 
Kgbt, and but one axis for violet light Sir John Herschel found that the axes 
occasionally vary in inclination, according to the kind of light ; thus, in the 
potassio-tBrtrate of soda, the inclination of the axis for violet ligbt is 50°, and 
for red light 76°. In nitrate of potass, tlie inclination of the axes for violet 
light is greater than for red. 

650. When glass is unequally heated, or suddenly cooled, it assumes a 
doubly refracting structure, the axes being variously situated, according to die 
shape of the substance (703). A solid cylinder of glass, heated by being 
plunged into liot oil, acquires a doubly refractive power, liaving one positive 



27* 






no pomKMlOt Hi (BOBWaWBSy VHI IE|W6VI0lli^ 

Into oold oU, h Mqniiw aflmiter propertft bat its wdt 
b both ibete omm tfa« lefiabtiiig power it tmnwaat» ooi 
o» oUlbo poitiof the ojliiider have aoquirod dio 
of gtoMi iunUulf tfOBted, beeomet dooblf ioftoativo» bat wWi 
■■ w netnmlly the OMe in wneknons In whloh die ttiflo 
The ofjMelixie leasee of all eaimelt powen one or two 





600. In the preceding duiplen, we have legunledooloffleiilightaeC, 

WO have examined, are its resolution intoserenl series of npdnlsdioiie^a^iliqg' 
ki length and relocitf, as in prismakio reftaotion' and diffitaetion or inflseiiBi 
(630) ; and its res o lo t ion into two series oolf , piodocing eoloied rafB uumpli 
mentaiy to each other (614), as when white tight ie lesolTod Into green-ani 
red, or yellow and violet We have now to examine the dianges andefffonaf 
bf a ray of light aAer it has been resolved into two series of oolorlees bewi»v 
as after refraction through a rhomb of loebuid spai (650)^ 
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Plane Pobtrvnd^ lig/d, 

66 L To understand these new properties of li^t, we may oonq^ve ereif 

beam to be hypothetieaUy produced bf two seft 
of undulations, moving in a direction at Uj^ 
angles to each other.* Let ^ 1 repsesela 
section of a beam of common hi^t, '•rn"'riTf 
of two rays en, vs,at right angles toeaohoihci^ 
Light thus constimted possesses all die pnpflfr~ 
ties detailed in the preoediniE ohapfesn; im 
when allowed to be. refracted thnwgjb a item. 
of Iceland spar, its rays beonme aepaiatodj OQf 
of them, as vs, fig. 3, constituting &b oidii(«rii|i^ 
and the other, cd, fig. 2» the extraordinarily rat 
fracted ray (649). Thus, by refractkm **»'T*"|[*» 
the crystal, the luminous nndulaticnis become 
resolved into two colorless series at right angles 
to each other; when combined, as in fig. 1, they constitute coounon light: and 
when separated, as in figs. 2 and 3, they constitute polarized lightf so called 
because they assume new and peculiar properties with regard to each other, 
and difierent refracting or reflecting media. 

662. The ray hs difiers from oo only in position ^ for by causing, them tp 
coincide, as by moving cd (fig. 1), until it coincides with vs, we obtain a fijr 
p oss es si ng the same properties, but twice as intense as each separately. Planes 
passing through cd, its, are termed plana of polarization ; and the rays cb,hs 
(figs. 2 and 3), are said to be polarized in difierent planes. 

If the two separated rays as, cd (figs. 2 and 3), be reunited, as in fig. 1, 
they will reproduce ordinary , common^ or unpolarizeaUght; all these terms being 
qrnonjrmous. ^ . 

663. From a bare inspection of the above figures (661), we see that polar- 
ized light may be obtained from common light in difierent ways; 1, by 
turning round one of the rays until it coincides with the other ; 2, by pwiHng 
the light through some substance capable of absorbing or checking one rajf 
and transmitting the other ; and 3^ by allowing light to be incident on a me^um 



* This veT)r convenient mode of illustrating the phenomena ofpolarization Is a dirset 
expression of the phenomens of the reflection or refraction of porarized light, aceof^Ung 
to the direction of the planet, and was first applied by Sir David Brewster. ^^ 
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(■paUa of reflraotinK one my and reflecting the other. By any of these modes, 
U^ polariaed in a rectilinear direction and in one plane may be obtained. 

664. Fblarizad light is very conveniently obtained by allowing conunon 
light to be incident on a doubly reflecting crystal, as calcareous spar, and al- 
lowiiig it to become divided into two beams polarized at right angles (663) 
to each other; we can, by sticking a wafer or a piece of black paper over 
itM point of emergence of one beam, obtain a ray of light polarized in a di- 
rection perpendicular to that which is checked or absorbed by the wafer. A 
moce convenient mode of procuring a beam of polarized light from this crys- 
tal, is to divide a rhomb of calc-spar into two wedge-shaped portions, and then 
to oemeiit them together with Canada balsam. The layer of balsam thus 
inoludad allows one of the doubly refiracted rays to be readily transmitted, 
whilst It causes the other to be so far bent out of the course of the former as 
Id be altogether out of the field of vision. This arrangement is known by 
the name of Nichors prism. 

665. When light suflers double refraction through a crystal with a positive 
axis (653), as quartz, the plane of polarization of the ordinary ray (650) is 
horizontal, and that of the extraordinary ray vertical. In negative crystals, 
as Iceland spar, the direction of these rays is reversed. When the plane of 
pcterization of a polarized beam of light is incident in a direction parallel to 
the principal section (651) of the doubly refraxsting crystal, it is refracted in 
the ordinary manner ; obeying the extraordinary law when it is incident at 
tight angles to the principal section. 

666. When a ray of common light (661) is incident on a thin and trans- 
parent plate of agate, cut in a direction perpendicular to its siliceous layers, 
one of its constituent rays, as en, (fig. 1, 661), becomes dispersed in a nebu- 
kNM manner, ^whilst the oflier irs is transmitted ; the transmitted ray of light 
being always polarized in a plane parallel to the direction of the siliceous 
bjers of the mineral. A thin plate of agate will also transmit a ray polar- 
ised in a direetion parallel to its layers, and disperse one polarized in an op- 
posite direction. The direction of these layers may be readily made out 
even in thin sections of agate by the lines visible in their substance. A plate 
of agate may thus be employed to furnish polarized light; it does not, how- 
ever, completely separate a beam of light into two x>olarized rays, unless it be 
of Buffioient thickness, and the incident light not too intense. 

667. The siliceous minerals called tourmalines, especially those of a yellow 
or hair brown color, when cut into thin plates, separate incident light into the 
two rays polarized at right angles to each other; one of which is transmitted, 
and the nndulations producing the other are checked or absorbed by the min- 
eraL On taming the plate of tourmaline round through the quarter of a circle, 
it transmits a beam polarized in an opposite plane to that of the one pre- 
Tioasly transmitted, and absorbs that ray which it transmitted when in its former 
position. This action of the tourmaline on light is exceedingly remarkabje, 
for no stratified structure can be detected in these minerals, which, as in the 
case of agate, would even help to explain their powerful polarizing influence. 

668. The action of a tourmaline, or agate plate, on common light, may be 
ftmiliarly illustrated by fixing two slips of pasteboard in a direction at right 
anglefl to each other, as irs, co, representing respectively the two, hypotheti- 
oally constituent, beams of common light; let XAKLbe a small frame of wood, 
having » number of wires fixed across it, as shown by the dark lines in the 
llgare. Let ta be supposed to represent a plate of tourmaline or agate, and 
ftie paper figure ircns a ray of light; approach it to ta, in the position shown 
in the figure, and attempt to thrust it between the transverse bars. The slip 
of paper vt will readily pass between the wires, but cd will be checked; irs 
will h«e represent a transmitted ray of light polarized in a given plane (663). 
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Vow turn round ta, until the directioQ of the wiiet beoomas .yertlail iiHlBmi 
of boriaontAljtheo try to push the psper figure throu^ it; tlie vwikal a^p «i 
will then psM throi^b, umI vt wiU be stopped. 

Bf thit little apparatus, the action of polarising plates of agate ,pr ote 
anlnerals, acting in the same manner, is rradily impressed upon the memoij. 
But ii mast not be forgotten that the comparison of a set of tiansverse bars to 
« tourmaline plate is strictly hypothetical, and although valuable as pointing 
out particularly the effects of a tourmaline or agate in different positioos on a 
beam of light, yet must not be considered as presenting a correct view of the 
leal fiKN^ agendi of sudi polarianng phuos on common light 

069. The mode of obtaining polarized light by refleotioo, was first ^Baoo* 
Tered in 1810, by the celebrated philosopher Malus, an officer in the French 
engineers. H. Malus, whilst examining the li^t reflected firom the windows 
of the Luxembourg, through a rhomb of calcareous spar, observed that li^b^ 
when reflected from the surface of glass at an angle of 669^ aoquired the very 
same properties as one of the beams obtained by submitting lic^t to double le- 
ilraotion in calcareous spar; having, in (act, become polarized, with its plaae 
of polarization parallel to the plane of reflection. This discoveiy was ao 
quickly followed up by others, and so successfully studied by some of Uie most 

illustrious philosophers of the age, that it 1ms led to the 
development of some of the most beautifiil and impottni 
series of facts that have ever been discovered. The moiC 
convenient mode of repeating the experiments of Malus, 
is by means of the apparatus figured in the margin. 

This consists of two uprights of wood, suj^portiiq; a 
frame en, constructed like a common looking-glass framSf 
A circular plate of wood xv rests on the pillars, and has 
a circular aperture in the middle about three iaohes in 
diameter ; a ring of wood xir, movable round a oiroular 
projection on sr, supports two pillars aa, between which 
rests, by means of screws, a frame ill, like cb, but some- 
what smaller. A circular slip of paper graduated into 
36U°, is fixed on that portkm of xv whidi projeets be* 
yond Mir, a black line being marked on the latter, to serve 
as an index, and point to zero on the graduated paper, 
when the pillars ea are exactly over ab, and the frame 
KL placed so as to regard cd. A plate of glass rests 
over the aperture in the centre of xv, to serve as a stsge 
on which objects to be submitted to the actkxi of polar- 
ized liglit are placed. 

A plate of thin window-glass, blackened at the back with a mixture of 
lamp-black and size, is fixed in the lower frame cd, and a similar one in Ki. 
The former is termed the reflecting^ and the latter the analyxing plate. As, 
however, it is of importance to obtain as bright a beam of polarumd light as 
possible, it is better to make the lower frame cd deeper, and to place in it a 
^ozen plates of window-glass pressed together by means of a piece of wood 
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at the back. The hindmost plate Bhoald be blackened at the back. By thii 
eontriyance a yery bright beaim of reflected polarized light may be obtained. 

This instrument, which was first suggested by M. Biot,* is the most conve- 
nient that can be used for experiments on polarized light ; it may be conve- 
DJently termed a Polariscope. 

670. Place a lighted candle at a short distance from the reflecting plate p, 
and adjust the latter so that the light may be incident upon it at an angle of 
56^ 4Sr, Then by means of the side screws fix the upper or analjrzing plate 
B, 80 that the ray reflected from p is incident upon that at the same angle of 
56^ 4y. The sections of the plates showing their relative position are shown 
in fig. 1. Light, on being incident on p, in the direction ap, is resolved into 
two portionSft one being polarized in a plane perpendicular to the plane of 
leflection, and mixed with much common light, passes through the glass p, 

Fig. 319. 







and is abmrrbed, (rem the undulations being checked by the black paint with 
wluoh its beck ii covered. The other portion, polarized in an opposite plane, 
iatefleoted to &, and thence to the eye of the spectator at b, who of course 
aeaa an image of the candle in a. Then turn round the plate a, still keeping 
it at the same angle, by moving the collar mr on the wooden collar sp (669), 
and when m is at right angles to p, as in fig. 2, the image of the candle will 
•Imoat entirely vanish. This might be indeed anticipated, for the ray polar- 
JMd b^ reflection from p, is refiected polarized in the plane of reflection ; and 
on placing b at right angles to p, the ray passes through the glass, and becomes 
abaocbed by the black paint at its back. So that, on looking at a in this po- 
sition, aoaroely a vestige of light is to be seen reflected from it On moving 
m lonnd for another angle of 90°, as at fig. 3, the light and figure of the candle 
will reappear in a, as the planes of polarization (6G2) and refiection coincide, 
being both contained in a plane passing through APaa. At the intermediate 
ares of rotation, the light in a will decrease or increase in intensity, according 
•s it approaches or recedes from the position shown in figs. 1 and 3. In these 
three figures, Aba shows the position of the plana of primitive polarizaiion, and 
ham the position of those of reflection. 

071. Let B and p be fixed in the position shown in fig. 1 (670), the index 
will point to zero on the graduated circle (669) ; and on watching the 



• PHleis de Physique, torn. ii. p. 476. Paris, 1B34. 

t It is, perhaps, hardly iieceaaary to remind the reader, that the angles at which light 
shoold be Incident on reflecting^ surfaced for complete polarization, are calculated from 
a line perpendienlar to the reflecting surface. On the continent, light is usually dfreoted 
Id be inciaent upon the reflector at an angle calculated from its surface ; hence it will 
be a aoiaber complementary to the true polarizing angle. Thus the angle at which lig[ht 
is polarized by reflection from glass is SOo 45' measured firom a line perpendicular to its 
surftcei and ^o 66' measared from the reflecting surface itself. 
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The light reflected fVom b, decreases in the ratio of the sqnares of Ai 
eosines of the angles formed by the planes of polariaatioB and lefleetioiL 

072. The intensity of the polarized light reflected in vmrious positipnsef 
the upper mirror (669), corresponding to the different angles fbrmed by 4ts 

planes of reflection and piinutiTe p uiaii s ii faa^ 
may be illustrated by the follo^nng fignm. Tfas 
lines in the inner circle p(Aat out die diftiHl 
positions of the plane of refleotion; aad d»t«o 
curved figures ab r e p re se nt the Bmoant of le* - 
fleeted li^t ^ 

Thus at and 180 the greatest ankmnt of U|^ 
is reflected, as the lines », Ad, are die l o ng es t 
which can be drawn fiom the cinaimierenoe-of 
the inner circle to the limits of the curved figures. At 4d®, the intensiiy of 
reflected light will be less than at 0, as the line cr is shorter than cb, whilst 
at 90® and 270® it will attain a minimum, as the diameter connecting these 
nambers, if produced, will not be included in any portion of the curved 
figures. 

673. Thus we see that light reflected (Vom glass at 56® 45^, consists almost 
entirely of light polarized in one plane, equal to about one-half of the whole 
of the incident light, and refuses to be reflected fVom a second glass plats 
when the plane of reflection is at right angles to the plane of polarization of 
the ray (662). Hence, as one portion of the incident light only is refledsd 
from one plate, and that becoming absorbed when the second plate is at ngbt 
angles to the first, it follows that no light ought to be reflected from this plats, 
if the polarization of the light be complete. 

The efiects thus observed of extinguishing light, by altering the positioa ef 
the reflectors, are analogous to those observed by crossing two tourmaline plates. 
If two similar plates of that mineral be placed together, so that light polanasd 
in one plane can be transmitted, objects may be distinctly seen through them; 
but on turning one at right angles to the other, absolute darkness ensues, as 
each plate absorbs the light polarized in different planes. This effect maybe 
readily understood, by placing two gratings, ab, cd, opposite each other, so 
that the bars of One may be vertical and those of the other horizontal, mod at> 
tempting to thrust the paper figure, bscd, through them (668). AUboni^ 
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when die ban of the two gmtiogs were 

in the Miiie position, one or other of the Fig. 321. 

peper slips hs, cd, passes through, yet 

when crossed, they Effectually prevent '^TlTtN 

die introdoction of either ; for one, as cd, jr ^ I '' T 

although it may pass the first grating, is V \ 

Slopped by the second, whilst the ray irs J^ izz= — -^ 

is checked by the firsL "^ 

674. If one of the beams of polarized 
light obtained by double refraction (664) 

be used instead of the light reflected irom p (669), it will present the very 
same phenomena on turning round the plate a, as the light polarized by re- 
flection from p did: the ordinary ray having its plane of polarization vertical, 
and the extraordinary ray horixontal. If light is polarized by absorption of 
one of its component beams through tourmaline, or by its dispersion through 
agate (668), the same effects will be observed; so tluit in whatever manner 
Hfl^t is polarized, it possesses the same properties, providing only its planes 
of polarization (662) be in the same position. Thus, plates of tourmaline or 
agate maybe used for the purpose of analyzing polarized light, in place of the 
analysing plate of the polarisoope (669). The analysis being performed by 
lefractioQ instead of reflection. 

675. It has been already stated, that a portion of the light refracted through 
I^Ma, when incident at the polarizing angle, is partly polarized, and in a plane 
■t rii^t angles to the reflected beam (670). This refracted light may be ob- 
tidiied very free fiom common light (661), by placing eight plates of thin 
erown-glass together, and fixing them obliquely in a tube, so that they may 
be inelined at an an^e of 79^ to its long axis. On allowing a beam of light 
10 trayerse this tube, it will emerge polarized in a plcme at right angles to that 
at which the reflected light is under similar circumstances polarized. A sys- 
tem of plates thus arranged in a tube constitutes a very excellent mode of an- 
•Ijsiog light polarized by reflection, and developing the colors of doubly re- 
ftiioting crystals (685). Sir David Brewster has found, that by increasing the 
munber of glass plates, the refracted light becomes polarized at a much smaller 
magle of inddenoe ; thus, light is completely polarized by refraction through 
ene plate of glass at an incidence of Sl^' 38'; through two at 87^ 16' ; through 
u at 81^ 5(/ ; through forty-one at 45^^ ; and through 8,640,000 plates at an 
angle of incidence of only one second, providing the light be sufiiciently intense 
to penetrate snch a mass of glass. The best glass for polarizing li^t by re- 
ftactkm is that which is used to cover microscopic objects with. It may 
be obtained of extreme thinness, and is peculiarly valuable for this purpose. 

676. If the reflecting plate p (669) is placed at any other angle except that 
Ibr oomplete polarization, a certain portion only of reflected light will be po« 
buized. Very different opinions have been hazarded on the nature of this par- 
tially polarized light; it has been, by several very illustrious philosophers, con- 
sdflired as made up of common light, mixed with a small quantity of com- 
pletely polarized light Sir David Brewster, to whom science is so largely 
indebted for his investigations on this subject, however, considers that par- 
tially polarized, or, as he proposes to call it, apparently polarized light, is 
light whose planes of polarization are inclined at angles of less than 90® ; and 
be bases this opinion on the fact that light thus partially polarized may, by 
a sufficient number of reflections, have its planes of polarization turned round 
•0 as to coincide, and constitute perfectly polarized light The following table, 
given by Sir David,* shows the number of reflections required to completely 
polariie light at any angle, above or below the polarizing angle, or 56® 45^. 

• Optics, p. 173, and Phil. Trans., 1829. 
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Iktw i teg iUnstnitei hit poiitiaii bf mnlmaung m binil'# 
oommon light to be oootdtntiBd aa ss, es, (fig, 1, 661.) I|||< 
such a beam be incident on m iwHeciing sariaoet ao Ibat to 
plane of reflection exactly biaeeta the angle which die tUM. 
planet of polarization fcrm with each olbe^ aa the dottA 
line AM biaectt the angles BTQ|aad»tt (fig; 1). ' Bf rsfibeliaiit 
from a gtass plate, whose index of lefinaition it 1^5^ ftmSm 
cUnation vs to ab will be 33^ 13^; ao that lie will daieito 
with St aaglet of 66*36, at in fig. 3. At a» inoMknee «f 14^ 
the inclmatlon of vt to 09» willbe 35^ 36^$ and at the pdMt»: 
izing angle of 56*45, the angle of inrtinarion -of M| eB» «n> 
vanish, at the two beamt are made lo.coNMdde.aai» fii^lU 
Thut, at an incidence on glatt at anjr angle diflbring Ank . 
the polarizing angle of d6'is, the planea of li|^ xii of^ bw 
oome inclined more and more u> each other, in piopQitiiNiaar 
the incident angle approachet 56*45, at whiph angle the tm^< 
planet become so tnrned round at toeoiBeide onmplttaly^aadi 
produce a single beam of polarized light. 

678. In the preceding observations, light is supposed to be polarised hf 
reflection from glass alone; the same physical characters may, however, ha 
communicated to it by reflection from the surfiices of almost any non^netaUi^ 
tobscance ; as that reflected from metsUio surihoet (736) difiers in its pio- 
perties from thn polarized light under consideration. All bodies have their 
peculiar polarizing angle in the same manner as they have their index of re» 
fiaction ; thus, the angle for glass is 56^ 45^, and for water 53^ 34^ The 
efliBCts of the diflferent polarizing angles of two tmnsparent substances upon 
polarized light, may be shown by an experiment described by Sir D. Brewster, 
Having fixed the plates n (670, fig. 2) at the angles of 56^ 45^, and with 
the planes of reflection and polarization perpendicular to each other, the • 
image of the candle will be invisible in a. Breathe upon the latter, so as to 
cover it with a film of water, and immediately the candle will become visible, 
fixKn a portion of the polarized beam undergoing reflection from the vapcae 
eondensed on a. 

679. The angle of complete polarization for any substance may be readily 
determined by the law discovered by Sir D. Brewster that — Tl^ imdex of rf* 
fraction it the tangent of the angle of polarization. Thus, if the polarizing angle 
of wvter, whose index of refraction is 1'336, be required, all that we have to 
do, is to look for that number in a table of natural tangents,or for its logarithm 
in a table of logarithmic tangents, and the corresponding angle of 53® 11' will 
be found opposite to either. The polarizing angle of crown glass 56® 45^ ; for, 
at its index of refraction is 1*535, the logarithm of that number is 18337, 
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which Js the table, of logarithmic tangents, corresponds very nearly to the 
•D^e mentioDed. 

680. lii^t may be polarized by reflection from the second surface of 
bodies, or internal reflei^on; and the angle for complete polarization has its 
oocangent equal to the index of refraction of the substance, and may be found 
fay looking for the latter number in a table of cotangents. This, in the case 
of water, will be 56^ 49^, and of crown-glass 33^ 15^; so that the polarizing 
angle at the second surface, is equal to the complement of that for the first 
nrAce of a medium. 

681. If^ instead of using white fight, any one of the colored beams of the 
speetrom be incident on a reflecting medium, it will undergo polarization in 
the Mine manner as common light, but at a difierent angle for each ray. 
The yalue of the polarizing angle for each, may be found from its index of 
nfmBlioD, by means of the law of tangents (679). Thus, the polarizing 
■ni^ when water is used, is 53*4 for the red, and 53*19 for the violet beams; 
and when plate glass is employed, 56*34 for the red, and 56*55 for the violet 

- From the data contained in Fraunhdfer's table, the polarizing angle for each 
of his seven rays may be readily computed. 

• 682. A considerable portion of light when incident on a single glass plate 
is reftacted tibrough it and lost; consequently when the reflecting surface of 
tt-pokuisoope is composed of but one plate, too small a quantity of polarized 
li^t fat many purposes is procured. The frame en (669) should, therefore, 
oonf in about a dozen plates of thin glass, instead of only one, and then a very 
powerftd beam of polarized light is obtained ; and whenever the polariscope 
is referred to in the following pages, it is always supposed to contain these 
nomter of glass plates in the lower frame. If light be incident obliquely on 
die flnt plate of mxh a series, as at an angle of 74°, the refracted light will 
be ttlmosl entirely polarized, and in a plane at right angles to that of the re- 
flfloted beam (670). A bundle of plates of mica, or talc of commerce, may 
be advantageously substituted for those of glass, as they are very light, occupy 
but little space, and polarize light very eflectually. 

683. When the sky is tolerably free from cbuds, a certain portion of the 
ti|^ becomes more or less polarized in its passage to the earth. The maxi* 
uain of polarisation takes place in a circle placed about 90° from the sun. 
ThB plane in which the polarization occurs varies in difierent parts of the 
sky aoooiding to the position of the sun. According to Arago, the rays re* 
flaelad fiom the moon contain a considerable quantity of polarized light. 
88 
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CHAPTER XXV. 

COLORED POLABIZATlOir. 

Interference of polarized Kf^hl, 684. Colors exhibited by iehmte, 6S5 — by tmea^ 6S8. 
Cause of these eobrs^ 687 — always complementary^ 689. Rings produced by a 
cone of rays in crystals, 690 — seen in taic-tpary 691 — in topaz^ 694 — m wka^ 
698— in i2ocA«&«a&, 699— tn«t/re, 700. Mode of analyzing, 102. System tf 
tints in Unanneakd glass, 703 — in cylinders, 704 — in square pieces, 705. Ximi 
of no polarization, 706. Polariscope for doubling the colored lines, 707. Colon 
in jelly, 708 — in crystaUne lines, 709. Polarizing microscope^ 710. 

684. Haying described some of the most important properties of white 
rectilinearly polarized light, we have next to investigate the phenomena of 
color produced by interference. To appreciate these, the following laws, diS' 
covered by MM. Arago and Fresnel, must be previously well understood. 

(A.) Two beams of light polarized in the same plane (662) are capable of 
interfering with each other like common light, and they produce in conse- 
quence fringes of the same character. 

AH the experiments on diffraction (633), if repeated with polarized light, 
will produce the same phenomena as if common light were used. 

(B.) Two beams, polarized in planes at right angles to each other, will not 
by their interference, produce colors. When polarized at angles intermediate, 
between 0° and 90®, they produce fringes of intermediate brightness, the tints 
disappearing at 90°, and recovering their vividity at 0®. 

(C.) Two beams polarized at right angles, may be brought into the same 
plane of polarization, wirhout acquiring the power of forming fringes by in- 
terference. 

(D.) In the phenomena of interference produced by rays that have under- 
gone double refraction, a difference of half an undulation must be allowed, 
as one of the beams of light is retarded to that amount by some unknown 
cause. 

685. To exhibit the tints produced by polarized light, place on the glass 
stage of the jKjIariscope (669), a thin lamina of selenite, of uniform thickness, 
and allow a beam of light, polarized by reflection from the lower plate p, to 
pass through it to r. The source of light may be the sun's rays, or difiused 
daylight, or still better, the light of a lamp or candle provided with a 
ground-glass shade. Let the index on km be placed at o on the graduated 
circle kf, by turning round the former, and the plates bp be placed as in figure 
1 (670). Let R and p be fixed at the polarizing angle (679), and on looking 
into the analyzing plate r, the image of the selenite will be seen, not 
colorless, but possessing a tint varying with the thickness of the plate. Let 
us suppose the film of selenite to be of such a thickness as to appear red 
when its image is viewed in the analyzing plate : slowly turn round the sele- 
nite, and the color will gradually disappear and ultimately vanish; at this 
point the plane of primitive polarization (670) will pass through one of the 
axes of double refraction (653) of the selenite, and no production of color 
can ensue. Continue to turn round the selenite, and the red color gradually 
reappears, attaining eventually its primitive brilliancy; on continuing the rota- 
tion, the color again lessens, and disappears when the plane of polarizatioD 
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pesaes throagh the second neutral axis of the crystal. The greatest intensity 
of color will be observed when one of two lines, inclined 45° to the neutral 
axis, lies in the plane of primitive polarization ; these lines are termed c2e- 
poiarizing axes, because they alter the polarization of the transmitted light 

The position of these lines are observed in the following 
? Sgate: Fig. 323. 

OABB, the plate or film of selenite. 

xp, eH, neutral axes at right angles to each other. 

▲B, GB, depolarizing axes, inclined to kf, gh, at angles of 45°. 

686. Having again placed the plates of the polariscope as 
■t the commencement of the last experiment, let the film of 
lelenite remain fixed, and when its red image is visible in the 
■nalyzing plate, slowly revolve the latter, noticing the arcs of 
Matioii on the graduated circle. On revolving the analysing 
plate, the red color of the reflected image will gradually lessen, 
And when a revolution through 45° has been performed, it will 
disappear; after 45° the film will gradually assume a green 
eolor complementary (614) to the red; and will attain its greatest brightness 
at 90°. From 90° to 135° the green vanishes, and after 135° the red reap- 
pears, attaining its utmost vivid state at 180°, ailer which it again vanishes; 
tt 270° acquiring its green color, which, on continuing to turn the plate, 
Taoishes at 325°; ultimately becoming red at 360° or 0°, from which point 
we set out If the plate of selenite had been of such a thickness as to afford 
other tints, the complementary colors would have appeared as in Newton's 
experiments, with ^e colors of thin plates (641); the colors seen at 0° and 
at 90°, or 180° and 270°, being invariably such as, when united together, 
would constimte white light 

687. If the analyzing plate of- the polariscope be removed, and the selenite 
be viewed with the naked eye whilst the polarized ray is passing through it, 
no cx>lor8 will be seen. Hence the analyzing plate must have aided in 
rendering them visible. To understand this, let us follow the course of a 
polarized ray passing through a plate of selenite at or near one of its depolar- 
izing axes. The selenite being a doubly refracting crystal, will cause the 
incident polarized ray to be divided into two, an ordinary and extraordinary 
(650) polarized in different planes, which /each the eye together, and a color- 
less image is perceived. But if the analyzing plate be used, and the light 
which has traversed the crystal be reflected thus to the eye, an important 
diange occurs, the white image is broken up into two colored ones comple- 
mentary to each other, one of them, as the green one, is polarized in the plane 
of reflexion, and therefore reaches the eye, giving a green image of the se- 
lenite. The other image being polarized in a different plane, passes through 
the analyzing plate, and by looking through the latter whilst inclined at a 
eonsiderable angle to the ray, a red image of the selenite is visible, the same 
thing occurring by reflexion if the analyzing plate be revolved 90°, as then 
the plane of reflexion will coincide with the plane of polarization of the red, 
and diflfer from that of the green ray. 

688. If a thin plate of mica be placed on the stage of the polariscope, in- 
stead of the selenite, colors disappearing and reappearing in the same manner 
will be seen. And on inclining the mica, so that the polarized ray may pass 
tfaiough different thicknesses of it, a variety of exquisitely beautiful tints will 
become developed. If the mica or selenite bo not of uniform thickness, the 
reflected image will appear richly tinted with various hues, depending for 
their variety and intensity upon the varying thickness of the plates. 

689. A very instmctive mode of analyzing the polarized ray afler it has 
pasted the film of selenite, is to view the latter through a doubly refracting 
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ibcmlxnd oT cakMpaij the tranunitled laj will be divided ii 
images which will be both viaible at 
Fig. 334. The red and ai^en imegee are complemeoiaxf to 

other, and ir luperposed would conetilute wlule if 
*" ' nnf be proved by holding Ihe calc-apar at 8 pi 
nance, when the two images will partly overli 

1 1 I I produdrg white light, as in the aocotnpatiying Qgiu 

Y V/ / On this account no colors were seen when the selmi 

^•- ''^--^_--^ was viewed without Ihe analyiing plate (687) ot at 

■pai, as bolh rays then reached the eye logetbei, Bud 
prodticeil a white image. 

69U. In the Bbove eiperimentE witli seleoite or mica, the raya of incidenl 
polarized light were nenily paralleL; if, however, they are conveiging •ml 
enter a cry«tal to as to traverse itsoptio or doubly lefracting axis (053), a wnr 
and ■plendid serieB of phenomena become visible. 

Let common light be incident on b plate or a series of plates of glass, xi, 
placed on a black surface at the polarizing angle, so that a biishc beam of po- 
larized hgbi maj be reflected to the eye at i, which thtis is placed at tit 





■pez of a cone of rayi. If a thin plate of H. doublf refiading cryatnl, at 
oalCBieous ■pBr,out at right angles to its axis, be placed at D, it is obvious that 
the rays of polarized light will traverse ii with various degrees of obliquity, 
Bud tbas virtually permeate different Ibickaesses of Ihe section. The ceotnl 
rays which pass ihtougfa the optic axis do not stiffer double reTmction, end 
Iherefote will appear to die eye at i, the same as if no crystal had been 
preaent. but tlie odier rays which pass through die other portions of the crys- 
tal will undergo double refraction, each being resolved into an ordinary and 
eilraordinary ray, as in the case of the plate of selenite (687). These rays, 
however, reaching the eye together, will not produce any color, and caimol 
be distinguished from common liglit. To render Ihe phenomena of colored 
polarization obvious, an analyzing eye-pieee must be plactMl between the plate 
of doubly relmcting ctyslal and the eye. Let this be a plate of tourmaline 
(607) or Bgale, so placed as tiot to transmit the polarized light leQected from 
AB, if Ihe crystal d were absent. It will be found that the light reflected 
from SB has undei^one some physical cliange whilst traversing D, as some 
of il has acquired the power of passing through tha analyzing plate of tour- 
maline, and a beautiful, symmeltic image, pointed with the most p orgeons 
colors, becomes visiUe. This image is composed of a series of conocntrio 
colored curves, and traversed by a black cross. Let the tourmaline be then 
turned round 90*, and an image complementary to the first will be visible, its 
black croHi being replaced by a white one. 

OSl. The origin of these beautiful colored rings is easily oiplainod The rays 
which do not pass tlirough the optic axis, or those ports of the crystal desliluie 
of double refrBclion, ore divided into two pencils, an ordinary and eilraordinRry 
polarized in diffsreut planes, and hence oue series are absorbed and tho oilier 
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tmumitted by > tonnnkline plate, according as it ia belli bo as to tran»ni[| oi 
abKKb the otiginallf polaiized ray; bullhts, although sufficient lo explain the 
pradnctionB of two imafies, is not sufficient to cipimn ilie phenomenn of colored 
tingi, It itiDMbe recolleoleiJ that the mys pass tUrough the plaie of ilie crystal 
B with various degrees or obliquity, and hcncn some suSer more in ihe mpidiiy 
of their rootion than others, or, in other words, undergo a different smouot of 
TMatdatioD. The rays are thus placed in the very condition required Tor the 
phenomenn of interference and consequent production of colored fringes, ai 
jn the ease of common light. The oriiinary Tays being polarized in ilie same 
plaae, ther mutually interfere to produce one of (he colored images, and the 
MttBOrdioary interfere to produce the other. Both images being comple- 
nealary to each otber, and if superposed produce white light. The fl);ure of 
die lingn results from the rays which penetrate the crystals at equal distance 
ftom the optic aiis,passingthroiighsimilarthicknessesof [he plate, and conse- 
quenlly undergo the same amount of retardBiion, and produce eimilar tints at 
eqniil distances from Ihe centre. The singular appearance of the black crora 
is owing to the rays which traverse the crystal in a direction parallel to ila 
principal section (031) as well as in one perpendicular to it, emerging un- 
lAanged, and in these two directions the dark blue oi black appearance pre- 
sented by the refleeuir An (i]90), when viewed through the analyzer, will be 
lisible as (he arms of a black cross. 

092. To eiamino these rings in uniaxial crystals, take a crysiRl of calo- 
■pat, and cut from it a thin plate at right angles to its axis (Gl)4). This should 
bie prcaKved from injury by securing it by inenns of Caiiaila balsam between 
two thin plates of glass. If such a plate be held near the eye in the manner 
above described, a splendid series of colored rings, resembling those of Newton 
(641), will be visible, the whole being intersected by a black cross, corre- 
sponding to the tines of no- polarization in the crystal, or those niong which tbs 
pohiized ray reflected from A> (009) passes unchanged. The arms of the 
iroM end in brushes, and appear to extend for a considerable distance. Fig; 
1 shows this beautiful figure. 

Fig. 326. 




Let the eye-pieoe he then revolved through 00°, so as (o transniit the liglit 
tefleeted from is, the figure i will then be visible, all the colors in the rings 
of trhicli are oomplementary to those in a, and a white cross takes the placo 
Of • black one. 

093. IT the plate of catc-spai be revolved on its axis, no change whatever 

ooconiti the rmg8,Bnd if a portion be covered up with a piece of black paper, 

Ihe nnoOTcred portioo of the plate will exhibit life rings as peifecilr as tb« 

28» 
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whole plate. This may be ti 




dily underBtood t^ recoUei^ting iliat ibe N 
il9 is not a Sxed Viae, but tnorely a fli«l 4Ji 
tion (653), Bnii exists as oompleiely in the smalleal fragmen 
plate of a ciyBlal, If Ibe plate of cole-spar be thicker, ' 
wider anil lew closely packed logeiher. 

OM. If a aicnilsT plale be cut fiom any other uniHiial cryglal, it will a- 
bibit the same beauiiful tings when held in tlie course of the beam or polai- 
iied lighL If a crystal with a positive axis of double refraction, as areon Oi 
ice, be eiamined, the rings will be identical witli those of calc-spar wliicli 
has a negative alls. But if a pinle of zircon be placed on one of cslo^r, 
■nd the comhinalion be examined, ihey will be found to obliterate each olhci'l 
tint! » that, if of proper thtcknesa, no colored image will be visible. 

69&. If, initead of allowing cotmnon white hghl to be incident on the po- 
huizing reflecting plate i> (690), homogeneous light be substiluled, the ssiDS 
pbenotnena will be olwetved as when while hght is used, btil the rings will 
be eltemaiely blacic and of the same color as the light employed. An allenr 
tion in iheir size ii b1m> of cotistam occurrence, the rings being largest in Ihg 
most relVangible or violet light, and smallest in red light. 

G9C. In crystals possessing two axes of double refraction including by fu 
the gienter proportion of oaliiral and artificial ciystalized products, somewhat 
diflereni phenoineiiB are observed, of which the tendency to ellipticity in Qie 
rings, and presence of a black bar across them, constiCuteg the chief. In In- 
•^ial crystals, where the siea are al a very small engulai' distance from eanh 
other, bo(b systems of rings may be observed at once, one arotrnd each axis, as 
in nitre, arragonite, and some specimens of yellow pnissiate of potass (feiro- 
cyanide of potassium). In the great majoriiy, however, the axes are so iar 
dispersed that but a single system can lie seen at a time, and two distinct sec- 
tions, each miule nearly perpendicular to cither resultant axis, is necessary 
Ibr showing them. 

607. Let IB bea plateof Scottish topaz.ciitst 
Fig. 32T. right angles to the crystnllographio axis of the 

crystal. This is biaxial, the resnitant axes being 
inclined about GH" to each other. Let a ray of 
polarized light ri be incident obliquely on this 
crystal, and view it by means of a lourmatino 
eye- piece in the direction en. An elliptiQ system 
of rings, traversed by a black bar, will be visible, 
providing the eye piece be so placed as to absorb 
tlie orifc'ina! ray before traversing the crystal. If 
the piDie be then altered in position so that the 
polarized ray may pass in the direction oxr, 
a second system of rings precisely similar to 
those visible along CBP, will be visible. Thns 
IXD and ciiF represent the direction of the two 
axes of the pinle of lopax. If the eye-piece be 
revolved through 00°, a figure complementary to 
the last will be observed, all the tetl rings being 
replaced by green, &c., and the black bar bj a 

698. The rings in U-axial mica can be readily 
discovered by holding a piece of tlie ordiiuiiy 
laic of the shops about i inch thick, in an inclined position as near to the loar- 
maline eye-piece as possible, and allowing a ray of polaiiied light to pass 
through it. But one system is visiblo at a lime, as the axes arc so much in- 
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each otber. If the lings are □□( 
It TiBible, ihef leadUy become eo by 
a. Tlie figure ia generaN/ 
eitCDlar, oa in Ibe adjoininH figure, aril 
[ravBrseJ by h black bar, which becomes 
leplooed by a while one, when the cam- 
plemenlary figure is obiained by revolving 
the eye-piece round 60°. Plates of borax 
or jugai-candy cot perpendicular lo one of 
the optic aies, may be conveniautly used 
lo exbibit these ri 
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tbc angular duitance of tbe a 
■■diumblH, the fyslem of rings is always elongated into an elliptical figure 
tfflfij, and the tints are not arranged with the symmeiry wo meet wiih in 
Mygtalg with one aiia. This is beautifcilly shown in sections of the Rochelle 
wit, the potassio-larlrate of soda. If a plate cut transversely to one of the 
itneB of this sail, (in the mBnner described in the case of nitre,) (700) is ex- 
jf Mnioed by polariied light, a splendid elliptic system of rings, traversed as 
f luaal by a black or rather a deep blun biir, will be observeil. These rings 
aiemoM gorgeously tinted, but the colors are not equally arranged, the red 
predominating at one end of the long axis of the ellipse, and green or blue at 
IliBOther,addinE, indeed, much ID the beagty of tlie figure. In some crystals, 
pianuitinB these pbenoineoa, the red ends of ihc rings are within the resuluint 
«XB«, whilst in oihera the blue ends are thus placed. To the former belong 
{diosphate nf soda, sugar, carbonate of lead, &c., whilst the Rochelle salt, lul- 
plHIe of magnesia, and topaz, afford examples of the latter. 

TOO. When the inclination of the axis is small, both lysleins of rings oma 
be seen at once. To show these, lake a crystal of nitre, and by moans of a 
Spa saw, cul off a plate half an inch thick, at right angles to Ihe loi% axis i^ 
the prism. Tbe best mode to render this sufBcienily thin, is lo rub it on a 
fine file immersed in water. A plale of one-siitb of an inch in thickneaa 
can thus readily be procured, and should be preserved belween plates of glass 
like the calc-tpar (S8B). In general these sections of nitre are only perfectly 
Hansparent at their margins, being opaque and peribiated in the centre. This 
W, however.of no consequence, as ihe transparent edge shows the rings vary 
beanlifully. For this purpose, the plale should be held in the coarse of tho 
potorized lay, as near as possible lo the eye, armed wiilt a tourmaline. T!io 
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boudrnl fignre ahoiFn in Ihe mnrgin "'U ^ visible, or will readily In 
■o, by slightly alleting ihe poailion of Ihe plole. Ttin two eystema of linp 
«ro beaulifully diaiinot and aplenJiJlf colored [ the outer rings of both !)* 
tfins unlpBca and lunouitil tlie wliole figure wiib ■ ton of eltipiic bordo, 
If, whilst l!iB eye-pioce is Sied, Iha plato of nitro is slowly ravolTed, the blbck 
nrmi of tlis ctoas will open, and when Ihe lina connecting the two axei of 
Ihs ciynal is inclined 45° to tlie phme of primitiva polarizBdoa, the inngg 
flguteU in the margin will be seen, in which the cross is replaced by two hp 
peifaolic curve* If the plaiB of nitre ha filed, and the analyzer be reTOlvai, 
a figure romplemenlary to the first will be ^een. The blork crossed linei 
being n-plaoed by white spates, and the red rings being replaced by green, 
the yellow by indigo, &c 

701. The double syatem of rings may oHen be finely eeen in yellow pno- 
liBte of polass. This salt is laminated and readily spills in the direction of 
iu layers. A piece should be then removed about a quartet of an inch thick, 
Kiid if not quite smooth, should be polished by frictioti against a piece of wood 
■ooistened with walei. By holding such a piece in the ditfclkm of a pokt- 
Ued ray, and analyzing it with a IDunnaline. a fine double system of ringi 
will be uften soon. No salt, however, varies in the inclination of its axes no 
much as Ibis: in some specimens Ihey are nearly merged into one, so as lo 
bo Vimially ooi-axial, whilst in otlters they are considerably dispersed. 

703. The analjrsis of the depolariEed rays Imnsmilted by these ciystaline 
plalM, may be eOected not only by absorption of one series through tourma- 
line, or th^r dispersion through agau (Ii6ij), bul may be as well efiecled by 
using Tot an eye piece a series of inclined glass plates (B76),or a single image 
prism («64). The field of view is, however, more limiled than when a thin 
ptale of Wutmoline is used. The analysis may also be conveniently made by 
reflection from a glass plalo, which should bo as small as possible. A piece 
of black glass, one-Touttli of an inch in diameter, fixed to a little artn of brass, 
■a as to allow of its being inchned at any angle, and revolved on its axis, 
constilutes a tonvomenl Ibrm of analyzer ; indeed, was the one used by Sir 
David Brewster in his elahorBle researches on Ihe rings of crystals, 

703. By means of the property possessed by pcrfartted light of developing 
these colored rings, which always in tint and arrangement bear a constanl re- 
latioo lo the physical slniclure of the crystal producing them, we are enabled 
frequently lo make out Ibe existence of peculiar and intimate arrangemeDl 
of molecuhti struclure; and thus acquire a new and powerful mode of inves- 
tigating ihe internal arrangement of soma of those simple but wonderful 
sliuetutes presented to us so libcmlly in both the oi^nic and inorganic world. 
This may be beautifully illustrated by subjecling unonnealed glass lo the 
action of polntized light; we have seen thai gloss, by suddenly heating or 
cooling, acquires the property of double refraction (B59). If Uie glass bs 
properly prepared, by heating il red hot, and rapidly cooling il, this doubly re- 
fracting slrticture is permanent. Such a piece of glass appears, when viewed 
by (Hdinary light, like any otherj nor can any peculiar feature bo detected ia 
it, in which it difiers from oTher specimens of tliat sulislance. But if a pieEe 
of this prepared glass be placed on the slage of tlie polariscope (669), a most 
beantiful colored image will baeome visible in the anatyxing plate ; whilst, 
under similar circumstances, the glass before healing did not exhibit Ihe 
■lightest color. 

7<J4. A solid cylinder of glass carefully heated and cooleil qnickly, is gene- 
rally found Ki be uui-Hiial, and when examined by polarizetl light, by pliK^ing 
ilon Ihe stage of Ihe polariscope, the planesof reflection and polarization being 
oi right angles; Ihe system of tings shown in the marginal figure moeli 
resembling those seen in calo spar will be visible. The axis of double rcfiac- 
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I'tfon ii, however, ganeraHy sotnewbat eo;en- 
! die, so ihai oo rerolvinglhe cylinJer, a slight 
tendency W JiBiortion in the nmia of Ihe cross 
it obwiived. There is tliis essential diBIinc- 
ji tion between the rings visible in unannealed 
; ghiBS, and those id iialnral or Bttificial crys- 
^Ms, that in Ihe latter they may be deteuted 
Im the minutest panicle, bo that if any part of 
[ die cryslsl be covered up, (ha uncovereJ por- 
tk>a (693) will allow tliese rings aa per- 
I ftiocly as the whole crystal. On the other 
' band, ir any pari of a piece of unannealed 
I glasi be covered with black paper, a corra- 
^KNiding portion oC the rings and cross de- 
nioped polarized li^rht will cease lo be visible. 
I 705. Lelthe planes of ihepolnrizingandanalyzingplales bi 
(670, fig. Si, the index being at 90, end if Ihe glass be EhH[ 
tte beamiful figure shown at i will appeal'. The circular cucv 
I possess the mosl vivid hues, in which red aod green predomii 
being occupied by a black cross- 
On turning the analyzing plate ronnd 90°, bo that the planes of refleMion 
■Dd polarization may coincide (670, fig. 1), Ihe colors, which almost enlireljr 
, vanish at 45°, will undergo a Tcmarkable change ; the figure shown at > will 
^ipear, all the colors of which are complemenlary to those of A, and iheblaok 
' jVOu'will be replaced by while spaces. 
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d about one-lbird as broad as 
1 visible when the analyzing 

may be perpend iculnr lo ihe 
ire B, replacing it when ihe 

the planes of reflection and 



I, seen when these plates arfl . 



If the plate of unannealed glass be square, 

iTjs long, the elegnnt figure shown nl i 'will 

Wate is set at 90°, so that ihe plane of reflect 

JllBiie of polatizaliun. The complementary 
[ lUiBlyzing plate is placed at 0° or 1H0°, so i 
i' potarizBlion correspond. 

7D6. The dark lioea forming the black cri 

■nbmilled 10 polarized light, must be conaidereU as pointing out the 
\i of the points where the polarizod niy passes Ihroiifih unchanged, 

bence conveniently celled tina of no palarizalion (C9I). If the analyiinjfi 

plale be Hied, and Ihe nnanneated glass be slowly lumeJ round, the hliu^ 
! cross will begin to open, and its arms lo separate ' 

'' jesultant a^tes (653) are " 

' fleclion, when a beautiful 

last figure. On coiitinuins 




B planes of polar 
trical figure will be visihle, n 
of glass the dark ci 




K*ppmrs, »nii attuns it< grrateat inlensity when ow of its arms conetpaodl 

to tlie (ilHne of palBrizalim, and (he oilier la Ihal or teSection. 

707. The beaulirul figures thus visible in unannealial glass are renil 
mote bttllHiit by allowing ihe polarixeil ray lo pass iwiue lliraugh tlio | 

I experimenL For tLis purpose, tho very simple apparatus fix 
polarizing ligiil propoUd hy Lecoonl, can be oonyeni- 
Fig. 334. enilf empk^ed. Il consists merely ofa small looking- 

riass 1, placed oii the lable, a rrama ■ fastened lo ih" 
I" mirror by a hinge at c, has about ten plates of mm man 

\ plate windoW'gtau placed in it, and is fixed in an in- 

olined posittoo to tbe mirror, by means of a support ti. 
Tlie pietw of unanneated glass is placed on the minor. 
and it ia viewed in Ihe direction if, and the Ggorei 
beooine beautifully distinct, the rings being much n 
numerous than when examined in the ordinary it 
ner. Common lighl is incident on b in tbe direction 
or, and is divided into two opposils'ly polatixed rays; one is iransmilted snJ 
tlie other is reflected towards the mirror, passing in its oourae through ihe 
iinannealed glass; from the mirror il is reOecled heck again, passing tbrougli 
Ihe latter, and being partly ilepolaiized, parses in part ibroiigh the incline! 
glass plates, rendering Iho figiire visible at a. 

708. When a massof animal jelly is placed on the stage of the potariscope, 
m colours are visible in the analyzing plate, so long as Iho jelly is not s ' 
milled lo pressure; but as soon as il is comprcsseit with snflicienl force, It 
somes a rioubly refracting strudute, and a series of tints traversed by a bluk 
cross becomes visible, pioviding the analyzing pinte be so placed thai ' ~ 
planes of roftection end polarization are at right angles. 

Jelly, solutions ■of gum, and albuminous fluids, allowed lo evaporate s 
taneously, eo as lo leave an indurated mass, alio eihiUit ilie four coli 
sectors, uaversed by a block cn>ss. A slip of glass, previously wiOioui at 



COLORS 07 CRYSTALS. 335 

on polarized light, develops a series of tints, by bending it or submitting it to 
pressure. 

709. No series of objects exhibits the tints of polarized light more beauti- 
fully than the crystaline lenses of animals, especially of fishes,' to examine 
these, they should, to prevent their bringing the Incident rays to a focus, be 
immersed in a glass vessel, containing oil, or some fluid possessing nearly the 
same refractive power as the lens. The crystaline lens of the cod-fish ex- 
hilats twelve beautiful colored sectors, separated by two dark concentric cir- 
cles of no polarization (663), and traversed by a black cross. 

Fragments of ordinary quills, and other indurated animal structures, also 
exhibit these tints, when submitted to the action of polarized light, in an ex- 
tremely beautiful manner. 

710. Most interesting results are often obtained by examining sections of 
organized structures or minute crystals in a polarizing microscope. All that 
is required for this purpose is to place under the stage of an achromatic 
microscope a single image prism (664), plate of tourmaline (667), or bundle 
of glass plates. By one or other of these contrivances the light transmitted 
through any object on the stage will be rectilinearly polarized. The analyzer 
dioald be a short Nicol's prism, fixed over the diaphragm in the body of the 
microsoope, or as these must interfere with the achromation of the instrument^ 
a thin plate of brown tourmaline may be placed over the eye-glass. In this 
way the structures of quills, horns, hoofs, teeth, and other animal structures, 
•re most beautifully developed. 

711. A magnificent class of objects for the polarizing microscope is found 
in crystals of difierent doubly refracting bodies deposited on glass plates by 
allowing their dilute watery solutions to evaporate spontaneously. To pre- 
serve them, they should be covered with a second plate of glass, some Canada 
balsam being allowed to run between them. Chlorate of potass, nitre, sali- 
cine, acetate of lead, sulphate of copper, and ferrocyanide of potassium, are 
cbjects of really gorgeous beauty when thus examined. Some bodies exhibit 
the colored rings, traversed by a black cross, like calcareous spar (692), and 
•re peculiarly beautiful. The spherical crystals of carbonate of lime, which 
I discovered to be spontaneously deposited in abundance from the urine of 
the horse, finely exhibit these. A rare salt, the oxalurate of ammonia, beau- 
tiftally exhibits the same phenomena. Starch, especially of the potato and 
taku Itt mois, shows the black cross well defined. 
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CHAPTER XXVL 

CIBCULAmLT AVO BLLIPTIC1.U.T POLAmiZID UeHT. 

CondUkmifirdreularpolarizatiim, ll^^-^mde of producing, 71 3 i/h i ff/frf w 
qiAartz, 7 14. Demotion of planeM of poiarizaiUm, 7 16. Cimdar poianuim 
of f^mtogeneout Kghty 717. Circular polarization by magnttimn amd Aebialft 
719. CHradar polarizing power of organic Jluids, 720. TabU of Jbddt, 728. 
jSction of tyrup, 723. Bkt^s formula fir nu>lecular force of drcidar peilasnaHt 
iiony 724. Test fir circular power infiadt, 725. Conditiona for dlqiie pekt>- 
izaHon, 726 — produced by metalHc r^Uctum, 727 — rings in cak-qKar attend kf, 
728. jinglet fir elliptic polarizationy 129, Did^roifm, 731. 

712. Whiit two systems of undulations of equal amplitude, and pohrind 
in planes at right angles to each other, differ in their paths hy^ quarter of an 
undulation, the compound movement thus generated in each molecule of elher, 
will not be rectilinear, as in the variety of ]iolarized light we have jaA a* 
amined, but circular. When the set of undulations which is in advance of 
the other by the fourth of an entire wave, has its plane of polarization to the 
right of that of the latter series, the motion will be propagated from right to 
lefl in a spiral direction, and ftom leA to right when the system of waves an 
arranged in the opposite direction, and the resulting light takes the name of 
dextro-gyrate or righ^handed, and lasvo-gyrate or left-handed, according to ci^ 
comstances. 

713. This condition of polarized light may be produced in several ways; 
perhaps the readiest is that proposed by Mr. Airy. He allows a ray of plane 
polarized light to be transmitted through a lamina of mica or selenite of suffi- 
cient thickness to retard the ordinary ray (687), an odd or even number of 
quarter undulations more than the extraordinary ray. Under these circum- 
stances, the emergent light will be circularly polarized. 

Another process is that of M. Fresnal, by allowing a ray of plane polarized 

light, AB, to suffer two reflections from the internal snr- 
Fig. 335. faces of a parallelopipedon of crown-glass, where acute 

angles, KL,are inclined at 54*30, and when obtuse ones, 
MN, are equal consequently to 126°. The emerging ray 
CD will be circularly polarized. The plane of reflection 
BCD should form an angle of 45° to the plane of pola^ 
ization of the ray ab. By each of thede internal refleo* 
tions, a retardation of one-eighth of an undulation is 
produced in one of the systems into which the incident 
light is resolved on reflection at the internal surface kk. 
If the mass of glass be of suflicient length, the ray will 
emerge polarized circularly after two, six, ten, fourteen, 
&c., reflections, and rectilinearly after four, eight, twelve, 
sixteen, &c., reflections. Circularly polarized heat may 
be readily distinguished from the rectilinear form by 
examining it with an analyzing eye-piece (702). For 
it will merely gradually decrease in intensity as the latter. is revolved to the 
right or the left, never disappearing and reappearing four times in each revo- 
lution (671). 




CiaOCLAm FOLAUIATION IN ftnARTZ. 
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'' 714. Lot > plate of regnlarly crystBlizad qnartz be out in a dire 

ptndicnilar to iti axil, and plaosd on the BUge of the polaiiscDpe; i 

into the analjxing plate, no black cross will be visible as in calcaieaus 

imlen tbc plata be eiceedifigly tbin, and then if held oear the eye i 

mannei alieadf described for eiamiDing ctyslals, a bluish ill-defined 

will be Been. Colored rings are not genemlly visible unless tbe plate ii 

neuthee;e,soBStobeat theapeiofacnaeof rays(690). Whenei 

OD the alBiie of the polariBcope, oi at some distance 

fioin the eye, the wliole plate presents an unifbrm 

tint ; and no rings will be seen at the circuioference 

of tfaecT7Btal,ihe whole being filled up by ananilbrm 

tiat, proriding the plate be of tbe same thickness 

diioui^iout; otherwise it will vary, as the intensity of 

eoloi depends on the thickness of the plate. If the 

color be ted, slowly revolTe the nnalyzirig plate, and 

die tint will ilLangB to orange, yellow, green, and u\ii. 

ttMB\f to violet; as though the analyzing plate had 

during it* lolatioii acquired the power of reflecting 

fltOM di&nuit colors. 

In NMne ^keoimens of quartx, and other crystals poe- 
MMins diii power of cirealar polarizationi the oolora change from red to violet, 
when di« utalyxing plate is turned &oni right to left, and in odiers when it 

Fig. 337. 

(ItCHr-HMDED Uri'-WNKD 

REO RED 

(NDIM^ >;rELLtl* yLLim^ NJNOICO 

- MEEN. IbUIE BLUE^ jcflEEN 

ytiur/k JwsAiA iNwao^ /veilow 




!■ mored fhxn left to right Hence these crystals are termed rigb^hBnded or 
kIMianded, according as they possess tbe properqr of causing the planes of 
polariaation to revolve spirally in a direction from right to lafl, or left to right 
(11!). 

719. A plate of leA-banded quartz, 0'3 inch thick, when placed on tlie stage 
of the polariicope, so thai a polarized ray may pass through it, appears of a 
flue blue, when viewed through a plate of tourmaline, or bundles of micB or 
lias* plate (70a), held iti such a manner as to prevent the ray from being re- 
ftaoted through them before b^ng transmitted through the crystaL On lurn- 
Iig the qnartz rotind on its axis, no change of color ensues \ but on moving tho 
CT»piM« of lonrmalitie, glass pbtes, &c., the Ibllowing chanees of color are 
Maerred at diCerent azimuths : 
39 



CIRCULASLT POLARIZED LIOHT. 



Azimuth. 




. . 
28 . . 
73 . . 

115 '. '. 
145 . . 
ISO . . 


. . Fine blue 

. . Greeotslt fellow 
, . Tawny orange 
. . Vivid red 
. . Violet 
. . Rich blue 



1 



The pbenomeoB lhu9 observed, are Ihe isune as would necessarily occnr, 
if the polaiised light bad been, by paaning [hroogh the qunriz, resolved into 
a series of homogenrous rays, and become disposed 
Fig, 33S. indifferemptanearadiatingrroniihecentreof acirole, 

■s shown in the marginal figure repreaenting New- 
ton's chroniaiic circle, in one-half of which the cobra 
Of the speclrum (510) are arranged. The thicker 
the plate of quanz employed, Ihe greater is lbs aro 
required to effect the conversion of ijie image into on6 
of a differenl tint ; so that, although in the above ex- 
periment a relation of Ihe analyzing eye.piece through 
an are of 180° was sufficient to devoli^ o series of 
colored images, yel, on increasing Ihe thickness of Ifaa 
plate, B mucli larger arc is required to produoe Ihe 

710. In plane polarized liglil we have seen tliai the maximum and mini- 
mum of light roflecleU by the analyzing plate (67 1) is attained when the piano 
of reBoction is Inrlined to lliat of pola^i^Bt^on at angles ofO" and 90°. This, 
however, is not the case with circularly polarized light. To make this intel- 
hpble, place on the Blage of a polariscope a plale of right-handed qoarlz IHM 
inch thick, and illuminate i I with homogeneous 
Fig. 330. flight, BB by thai transmitted Ihroagb a piece of red 

*-'--- The greaieai imenaity of the light will not 





be any lor 



I" and II 



199", 



50° and 2890 inateail of 90° and 
270", as if the plane of polarization had been turn- 
ed round 19 degrees towards the right. Thismay 
be illUBtrtttcd by a curved figure like that belbfa 
employed (672). We see that the lines produced 
from 0° and ISO" arc not now the longest that can 

be drawn within the external curves, but that lines having this propertymnst 

now be drawn 19° to the tight of their ibrmer position, or in the lUrection of 

the doued line ii. 

717. If homogeneous light of other li 

alleraiion in the position of the plaiie 



This alteration in llie position of IliE plane: 



Filh the thickness of 



xzorriD m m AONsnflM. 



die plate of qnaTts. Thus, if a deviation of 19^ is produced by a plate of 
qnarts (HXi inch thick in red light, one of 38° is produced by a plate 008 inch 
thud[, and of 95° by one 0*20 inch thick. 

718. The colors visible by polarized light in quartz are never simple when 
white light is used ; for as the different colored rays are thus shown to be 
mieqiially dispersed, it follows that although an excess of one tint may be 
visible at a time, so as to give a well marked color to the transmitted rays ; 
yet it must in every case be a mixture of several. To comprehend this, let 
the series of curves in the figure ac aa, represent the intensities of aa the 
red, TT the yellow, bb the blue, and vv the violet ray respectively. 

Let a plate of right-handed quartz 
0-2 inch thick be then examined by Fig. 340. 

polarized light, the analyzer being so 
placed as not to reflect the polarized 
n^a if the quartz were absent If 
homogeneous light be employed, the 
led ray will obtain its greatest intensity 
at 95° and 275°, and its least at 5° and 
185°, the depth of the curves on the 
line BB being the greatest at the former 
mrniber and least at the latter. In tlie 
Mme manner the curves on the line 
I, and TV, represent the intensity 




of the yellow, blue, and violet rays at different angles. 

Let homogeneous be replaced by white polarized light, and the tints pro- 
dnoed by its passage through the quartz plate be observed at 0° ; on referring 
to the figure, the blue and violet rays will predominate, the yellow and red 
being sparingly reflected ; at 5°, the red attains its minimum, and the image 
wiU be the darkest from the presence of excess of violet light At 95°, red 
viU» predominate in the image, but mixed with much yellow light; at 11 5°, the 
yellow will attain its greatest intensity, at 160° the blue, and at 205° the violet 
will be at their maximum. Thus, in no case can a pure homogeneous tint be 
obtained when white polarized light traverses quartz, all the colors being mix- 
time of several, of which, however, one predominates over the others. 

719. One of the most Interesting contributions to science, for which we are 
indebted to Dr. Faraday, is the discovery of the excitement of a molecular 
change in certain ibrms of glass, water, alcohol, oil, and other substances when 
wider the influence of the magnetic and electric forces, sufficient to cause the 
nCatioo of a polarized ray. To show this with the magnet a piece of flint- 
glass, ▲, or much better, a heavy slip of fused borate of lead 2 inches square 
and 0*5 inch thick, is placed between the poles ns of a powerful electro-mag- 
net (483), so that the lines of force (252) may pass through its length. A 
IBjr of light BD is polarized in a vertical plane by reflexion from a piece of 
bteokened glass n, and passing through 
the glaas ▲ is examined at d through a 
Nicolas prism (664). So long as the 
ban V and a are not magnetic, the ray 
ia transmitted or extinguished as usual 
during the revolution of the prism. 
Let this be then turned so that the iHy 
is darkened, connect the wires cz with 
the battery, the bar instantly becomes 
magnetic and the ray becomes visi- 
ble, fit will be necessary to revolve 
the prism to the right to extinguish the 
ray which has, under the influence of 



Fig. 341. 
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720, When a glaae tube is filled with water aoii placed in the axis of i 
long helix of wireUaverseil by a ourretit from a batleryof ten pairs of plstM, 
tba water aaiumes a limilar rotBUiry power over B recdlinearlf polaiized ray, 
tnming il lo tbe right or lbs led, acoording to tfas direction of the curroni, Ihc 
rny atweja revolving in the direciion in which Ibe poaitivo current ttaveriM 
tbe wire of tbe belii. When a wide lube of glass is filled widi water and 
ihe helix iraveried by the current immersed in it, the water in the centre of 
the helix will alone exert any action on a iransmiited polarized ray, that lying 
between the exterior of the coil and tbe side of the tube having no rotatory 
power. A piece of borate of lead glass placed in the belix acquires a simi' 
lar power. Thus by the magnetic and electric forces Dr. Faraday commnDi- 
caied tempoiariJy to glass the rotatory power naturally possessed by qoartz 
(711), and to water and other fluids the power proper to syrup and oil of 
turpentine.* Tlie iiilonsity of this acquired power is shown in the roUoviDg 



Oil of Tinpenlini 
Heavy glass . 
Flint ghus 
Roeli rait 
Water - 
Alcohtri 



1 IS examined naluially. 



less than alcolio 



7S1. Solutions of sugar, camphor, and a large number of organic fluids, 
UBlutaily develop the phenomena of circular polarinilion. If a brass tube, 
closed at Ibe bwer end with a plate of glnss. and about six or eight inches 
in length, be filled with oil of tnrpentino, and placed on the stage of Ib^ pa- 
hriscope, the liohly colored images (715), and a roialion of the plane of 
[Ularization from right lo lell, will be observed. 

It is far better toexaroina the circularly polarizing power of fluids hy means 
of a polariscopa constructed for that purpose. The followinc is a very 
RJmple one, which I liave used for some years, consisting of a buoiilc of plates 
of window glass a, as a polarizing mirror, fixed to an 
arm so as to admit of ready motion, and soppotted 
by a screw fVom a common retort.sland. A tube of 
F^ brass an inch in diamelcr, and eight inches long, a, 

II closed at its lower end ivitli a plate of glass holding 

E^—T — i 'IiB lui'^ to be examined. The transmitted ray is 

analyzed by an eye.piece c, consisting of ■ single- 
imnge prism (OQ'I), or bundle of thin glass plates 
(673), capable of being placed at any pzimuth. The 
action of the oH is much less intense than that of 
quartz, in the proportion of 1 to 88S: hence the ne- 
cessity of using a lube full of the oil, so as to form a 
fluid column about six or eight inches thick. 

733. Some organic products turn the plane of po- 
larization from leA to right, others from right lo left 
(713); this is best seen by using homogeneous light, 
which for practical purposes may be eifected with 
Buflicient ace iiracy, liy observing the rotation througli 
' ^d ted by protoxide of copper, 

I, U. 



Fig. 342. 
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and which allows soaroely any except the extreme red rays to pass through 
iL By operatiDg in this manner, M. Biot* has succeeded in detecting the 
property of circular polarization in an immense number of fluids, and he has 
avail applied this property to organic chemistry, as a mode of distinguishing 
between closely allied organic products, as the different varieties of gums and 
wugBBOB. In the following table are the results of some of the most interesting 
molts of Biot's experiments; the position of the points of the daggers in the 
third column indicates the direction of the rotation of the planes of polariza^ 
tfam cimn/ed thnmgk redgUut. 





Arc of rota- 


Direc- 


Thickness 


Specific 


Name of Fluid. 


tion observ- 
ed through 


tion of 
the ro- 


of column 
of fluid in 


gravity 
of the 


-^ 


red glass. 


tation. 


inches. 


fluid. 


Oil of turpentine 


45* 


_^ 


6- 




Oil of citron .... 


84 


4_ 


6- 




Oil of bergamotte 


29 


4— 


6- 




Oil of anise .... 


(?) 


__). 


6-4 




Oil of caraway 


100 


4— 


6- 




Oil of speanmnt 


(?) 


— f. 


6- 




Oil of rue .... 


(?) 


— h 


6- 




Naphtha 


12° 40^ 


— j- 


6-4 




Sol. of cane-sugar in water 


23 5 


4— 


6- 


1-1052 


Ditto 


61 1 


4_ 


6- 


1-2310 


Sol. of sugar of milk in water . 


10 3 


4— 


6- 


1-0537 


Sd. of sugar of starch in water . 


48 5 


4— 


6- 


1-2469 


Syrup of grape sugar 


(?) 


-H- 


6- 




SoL of mannite in water . 


insensible 


(?) 


9- 




Gtape juice .... 


6<» 




6-3 




Apple juice . . . . 


3 33 


i_ 


6-3 




Sol. of tartaric acid in its own 










weight of water . 


8 5 


■^ 


6-3 





723. A solution of one part of conunon white sugar in four parts of water 
was placed in the tube so as to form a column seven inches long ; on trans- 
mitting a polarized ray through it, and analyzing the refracted light by an 
eyepiece of glass-plates or calcareous spar, placed so as to reflect or disperse 
the ray, if the syrup had been absent, I foimd the following to bo the tints of 
the transmitted images at different azimuths : 



Azimuth. 


Color of Image. 


... 

55 ... 

80 ... 

95 ... 
132 ... 
200 ... 


Peagreen. 

Rich blue. 

Very dark purplish violet 

Bright reddish vio let. 

Fine orange. 

Rich deep blue. 



BMm. de TAcad. Royale des Sciences de rinstltut., xiii., pp. 39, 176, passim, 
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b e t wee u oloteljr allied oiguiio prodnoiii and fiotiie deteQlioB«f- 
of moleoQlftr mnwifeeinent in bodies oompOMid of die tune 
■nrly nmilwr proportioiw, it is neoestaiy to detenniiie what M. Bnt hm . 
%mm^ihefiniof tkrirtmikemiarroiaiiom. This fofoe k nodiing .move ikM 4 
a eomperatiTe expreaaion of the dicuburlf potaurising powen of bodiee wiMri 
leduced to en unity of density and thickne»; the imiqr of driokn—i iiwiiifil 
hf M. Biot ii the millimetre, eqnal to 0*03937, or nearly 0O4 inoh. Tim 
temala deduced from these interesting researches is of great falne^aa ■ffijiliig 
a simple mode of disoorering the molecalar ciroalarly pofaurizini^ or loiatiiif 
teoe, of different organic bodies; the fiiUowing is its simplest expiessioa: ' 

The proportion, of organic matter present in one part of the solntiaa mtju 

Spedfio gzaTi^ or density of the solution as dL 

Length of the column of fluid employed ass /. 

Aio of rotation observed through red glass as a. 

Molecular force of circular polarization Bsm.. 

a 

"^^ Tfd 

The following is an example of the application of this formula y— MM, 
Biot and Persox digested 400 parts of potato starch in a mixture of 160 pteti 
of sulphuric acid and 1000 of water, and dissolred the sugar thas geneiaftd 
in water. The following data were obtained: 

Proportions of saccharine matter in solution, Q>210711 b?/'- 

Density of the solution, 1-08391 as d. 

Length of column of fluid employed, 152*" a^ il 

Are of rotation observed throt^ red glass, 50^ ^ami 

a 50 

■B — ; — IB 218*92 SB the mcdeoular force of ciAsuhur DalB» 

pd •210711x1-08391 uw «««wuh« iuro« ut orouiar pw^ 

m/ 218*92 
Smtion for a density of 1, and a thickness of 152; consequently —r- ae 

^ 1*44 ss the rotating force of sugar of starch at an unity of density and 
thickness. 

725. The most delicate test of the circular polarizing power of fluids where 
this happens to be too weak to produce any marked deviation of the planes 
of polarization, consists in examining the ray after it has traversed a column 
of fluid by means of a doubly refracting crystal of calc-spar (650). If, at 
any period of its revolutions, the two images should appear diflferently colored, 
it is certain that a rotatory power is exerted by the fluid under examination. 

Elliptic Polarization. 

726. If the diflerence of the paths of two systems of waves, instead of 
amounting to one-fourth of an undulation (607), is a fractional number, the 
movement which ensues will not be circular, but performed in ellipsis, pro- 
ducing elliptic polarization. This variety of polarized light is obtained by a 
series of reflections from metallic surfaces, differing in number according to 
the metal employed. 

727.* Sir David Brewster discovered, in 1815, the property possessed by 
polished plates of gold and silver of dividing polarized rays by sucoessive re- 
flections into their complementary colors. Reflections from metallic surfaces 
but imperfectly polarize light; thus eight reflections from plates of steel, and 
about 3G from those of silver, are required to polarize the light of a wax- 
candle ten feet distant .♦ 

' • Viae Sir David Brewster, in Phil. Trans. 1830, and Prof. Powell in Phil. Trans. 184S, 
K>r an account of the phenomena of elliptic polarization. 
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XIXIFTIO&LLT rOLUtniB LIOHT. S48' 

- V polariwd liglit ba refleotsd fhim mMallie plates parallel or perpendionlar 
Id tha piBDa of primitive polBrization, no particular phenomena occur ; when, 
bowerer, the plane of refleolion ia inctinstl 45° to that or incidence, brilliant 
eomplcnenlary colon are seen in the images, when the tellecled light ia 
uulTwd by means of a doubly refracting rr/stal. These colors are pecu- 
Uarlj beautirul when the reflecling plate is composed of silver or gold. 

738. Lot a ray of plane-polatiied light be reflected from a polished steel 
ptate at an angle of "!&", and inclined 45° to (he plane of reflection, the re- 
flectod light will be fiiund to differ materially from die ray before reflection, 
M it doea not vanish when viewed through a 
toonnaline or oUier analyzing eye-piece uniler Fig. 343. 

the «inie circnmstances aa it did belore reflec- 
tion from the steel plate. It has, in fact, been 
converted into ellipiically polari:£ed light. The 
beat test of this Had of li^I is tbe modification 
it produces in the rings of calc-apar (G6S), when 
viewed in a beam of it, instead of plane-polnr- 
isad light; the transmilted light being analyzed 
•■ imial by a toumnaline or other eye piece. 
Under these ciicumstancea the flgiire sliown in 
Ihe nuugin will be seen, which dil!ers from tlial 
•aeo b}f ordinary polarized li^ht, in the distor- 
tion of the black cross and dislocation of the rings, as if a film of selenite 
capable of producing a blue tint had been placed across the plate of calc- 
ipar. 

The conversion of the plane to the elliptically polarized ray may be effected 
hr replacing tbe reflecting steel plnie by a thin film of mica, previously "hented 
tiAbiOt, BO as lo split it into innumerable laminie, and communicBie to it a 
tilvery lustre. This discovery we owe to Professot Forbes, of Edinbu^h. 

7SB. The angles at which a my of ptane-polarized tight becomes elliptic 
h<f a single reflection from metallic etirfacea, rlifl'ers wivh different metallic 
aibaUDOC*. The following are some among a series given by Sir D. Brewster: 
Mslal Angle Cot elliptic palariialion. 

Mercury 78° 27' 

Speculum metal . . . 700 

Steel 75'0 

Bismuth ')'4S 

Silver 73>0 

Zinc 72 30 

Jeweler's gold . . . 7045 

ProfeMor Powell has observed that in general the elliptically pohirizii^ 
power of metals is greatly diminiabed by oxidation. 

130. This variety of polarized light, when pnDduced by any odd number of 
Icfleetions from surfaces of steel, is restored to a stem of plane polarization by 
•D even number. Thus, a plancpolarized ray becomes ellipiic with 1, 3, 5, 

7, reflections from steel at 75°, and is restored to ila primitive stale by 2, 4, 0, 

8, Mmitar re flections. 

731. A la^e number of crystals present dtflerent colors, according to the 
dtieotion in whidi light is tranamitted through tliein, constituting dichroism, 
a valoaJile sign of double refraction. An oiLCellenl example of this is met 
with in the chloride of palladium, which is deep red when viewed in the 
dirsotion of its axis, and vivid green when examined transversely. Similar 
phenomma ate observed in the iolitc or ilichroite, and many other natural and 
•niSeial siibMancee. When such crystals are placed on tlie stage of tlie po> 



■■>■' 
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iHteope, dwb eolora will be fcand to mij widi tiie iaolinslioii of 4* 
dpal tectkm (651) to the pluie of pobufaBrtkNi. The lbUowiii|tlMti 
of the results of Sir Dsvkl Brewster's reseerehee on this siibjeot 



Cokm of the Two Images, when Crystals possessing the Property of 
Dichroism are submitted to Polarized lof^ 



Names. 



Plane of Axis situate in the 
plane of polarization. 



Plane ef Axis at 
Angtesfothe 
Ptane of FolaiBBtloau 



Sapphire 
Emerald • 
Bine beryl . 
Roek crystal 
Amethyst • 
Tourmaline 
Idiocrase . 
Mellito 
Lilac apatite 



Topaz, bine 
■ green 

— pink 
Gijmite 
Dichroite 
Epidoce, olive^r. 



I. UJIIAXIAL CBTSTALS. 

Yellowish green 

Telle wish green 

Bluish white 

White 

Blue 

Greenish white 

Yellow 

Yellow 

Bluish 



whitish f^r. 



IT. BIAXIAL CBTSTALS. 

White 

White 

Pink 

White 

Blue 

Brown 

Piokisli white 



BlnOi 

teuish 

Blue. 

Faint brown. 

Pink. 

Bluish green* 

Green. 

Bluish green. 

Baddiah white. 



Blue. 

Green. 

White. 

Bbie. 

Yellowish whits. 

Sap-green. 

Yellowish white. 



NOTE. 

In addition to the works on general optics and physics, and the papers dif- 
fused through the Philosophical Transactions, I would especially direct the 
student for further information on polarized light to the General View of the 
Undulatory Theory, by the Rev. Bnden Powell, 1841, and to the Lectures on 
Polarized Light, by Dr. Pareira, in the second and third volumes of the Phar- 
maceutical Journal, and to a paper by Dr. Leeson in the Journal of the Che- 
mical Society. 
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CHAPTER XXVn. 



Concave mirrort, 723. Newloii'i ttTeieope, 733. Gregorian and Couegroinjan 
Idacoptt, TM, Single microaaipa, 736. Camtra obiaira, 737. Megiaaipe, 

_ 738. Pritmaik camera, 730. Sclar micTiua>pe,1iO. Magic lanltm, 741. 
Camera Iticida, 742. Sbminiering'i mirntr, 743, TPoflaWon nnrf Codding- 
ton Itntn, 744. Compound ■aatrosropet, 745. TfbJJasfan's doublet, 746. Jiehro- 
malic naaoicope, 747. Jf^fccring mi(TD«nip«», 784. ^rtnmomit leleawpt, 755, 
Go^'&o'i Iffttcnpc, 756. iSlrwIure o/' (he tyt, nHunifcmi at an oplical Hutm- 
m«K, 758. Jrfion o/ the eye on ligbt, 750. Structvrt of the eye in huxr ont- 
Bioli, 760. &(tJ o/ (Jtnan, 761. Caiuei a/ tiTOpIr viiian vrith two egtt, 7G2— 
of erect viiion, with an inverted imagf, 763. Maptalion of Oie eye to different 
diilancti, 764. Duratioa of impreisiota on the rttoia, 765. JcridaUafeokin, 
766. IiaeneibHily of tJw eye to certain aJort, 770. 

732. OpTiciL instruments may be diriiled into the catoplrie, iticlading those 
depending upon refleclion; Iha dinplrie, or those acting by refraction; and 
ibose depending on the combination adioii or both effects ; or cata-dieplrie io' 
Hromenla. Of optical instniraents depending on reflection, the various tOrma 
of mirrois nlrendy described coastitule the most impoctanL The common 
looking-glass, whose tbeoreliCal action has been already eiplained (568), is 
too welt known to need description; am) the convex mirror, so common an 

rge rooms, is chiefly employed on account of tbe diminished 
of objects which it produced, and thus the whole extent of a landscape 
' were, compressed into the apace of a few square inches. The 
oencBre mirror is a very imponani instrument, and, besides its application to 
idenoe, it forms one of the most valuable resources of charlatans and jugglers, 
OD account of tlie power it possesses of (brming in the air an image of any 
object placed beyond its principal focas (557), Thus, if any object, as & 
darter, strongly illuminated, be held lowanls a conmve mirror, an image of 
]twlll be formed nearly in the conjugate focus,K> vividly and perfectly painted 
Jd the air. that the person who holds Iha dagger can scarcely believe that the 
weapon which advances to meet him, is but a spectral image of the one with 
which be is armed. 

733. The most important application of concave reflectors is to the ooii- 
■tnidion of telescopes, in which the imago of a distant object, as one of the 
oeleMial bodies, is formed in the princi|>Etl focus of a concave mirror, and 
RiagniBed by means of convex lenses (GUa). The simplest reflecting tele- 
■cope is that constructed by Newton in 1606. This eoasiets of a concave 
I«rabolic (604) metallic reflector a 



end of a 

■malt plane mirror (560;, inclined at 
<5",or,Will better, a rectangular prism 
*, is fixed in the tube, between tlie 
speculum Aa and the image formed 
in its focus. Theimnge thus becomes 
reflected towards the opening in the 



fur the purpose 
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he n/a ore leflecteil lo llic 
g tubalituted, abaul futly-flv 
(507), frgm Ibe undulationg producing ibo: 




townrda », ia soffioientljr 
:k or llie priHii, ncBily 
<aB,ifH plane meiQllic specnlmn 
very hmidrecl rays would be kial 
I reathing Ihe 



mrfiace of ihe melul. For tbe purpose ot preventing spherical Hkeii 
(d03) ftwm inietrerinE wiih the cliaiinclneas or llie imagea, Newton plsaed, 
between the eye and Ibe oODvei lens, a plate of nielal, piercsd with a small 
bole, through wbicli he viewed the object 

734. The Gregorian reflecting telescope was invented in 1660, by Dr. Gre- 

n, but Ttol actually caiutructed until some years subsequent to Newlou'i. 
lis insirument, Iha uiconvonience of taking a lateral view is avoided. It 
consists ofa concave tpeuulum fiieil In a tube, but pierced in the centre with 
■ hole, through wliicli, by means of a lens, or a combination of lenses, die 
image of Ihe object is vieweJ. The rays forming the image of the object in 
Dr. Gregory's telescope are jucidenl on a small concave mirror, and fbmi a 
fiesh image, wbidi is viewed through the aperture in tbe centre of tha 
large speculum. Tbe observer, in using this tclcEcope, is placed in a line 
with the object ; whilst, in Newton's, he is at right angles to iu 

TJi. Wban a convex mirror ia subsrituted for the small concave one in Dr. 
Gregory's instrument, we have the Caiaegtainian lelcBcope. In this, the image 
is more distinct than in any other canstruclioD, as but one image is Ibnned; 
and as one apeculuin is concave and the other convex, Ihey have a tendeoc]' 
to correct each other's spherical aberration. 

738. The number of optical insUumcnls in which light is reftaeted is 
almnal iaHniie, including all varieties of simple and compound miorosoope^ 
refracting teleacopea, tec The single microscope conaists only of a leuB, wilh 
a focal length varying according to the amplifying power required (W3). 
Small spheres of gloss, made by fusing a fliamont of glnsa into globules, an 
liequently employed ; their action upon liglit, and magnifying power, will bo 
readily unJersiood from the remarks already made f591). 

737. U, instead of potmitling die image to he painted an tlie retina of the 
eye. It be received on a screen, wa have a camera ob3Cura,or solar microscope, 
according ID Ihe arrangement employed. If a convex lens be fixed in a hela 
made in one end of a box, a little longer than die focal longili of ihe former, 
painted with some black pigment, for the purpose of absorbing all exbaneoos 
Ugbl, the image of a landscape, to which the lens is presented, will be beaor 
tifully and vividly painted, in an inverted directioiii on a sheet of paper flxsil 
at the end of the box opposite to tlie lens. Sometimes, instead of receivh^ 
die image on a shsei of paper, it is le- 
flectcil by a plane mirror, M., plaoed at 
flugie of 45° towards the nppef 
ri of Ihe box, a Ebeetof while paper, 
piece of ground glass, B, being there 

In this mode the image appeBtl 
erect, and inverted only as regards Ap 
right or left portions, and ia usuBllypia- 
ferred Ibr tb? purpose of slfetching 
distant views. As the lateral portioas 
iadislinot from spherical abenation, a meniscus lens ia pre- 




i 




fcrablo to any olber fonn of convei ginas, (he iha purpose of jedudng thia 
Berioua source or inmrreclness lo a miniitium. 

738. Ifaiif aniall object, atrongly illuminalet1,ba p1nceJou«i<ieof a camera 
(dacura, and a lilUe beyond the pttucipa.! tocaa oflho lena (504), ao image of 
the object will be beauiifully depicted on the paper soreen at the end of the 
Imz. An iiulminent thus arranged ia tenoed a Megascope. 

739. The beat form of camera obsenra U that in which intemal (585) in- 
stead of specular reaeotioti ia employed, to prevenl the loss of light allendaM 
»i the teller. The box is then matle of a pyrBmi<lal ibrm lacn, and a reo 
taDgulai pristn, having one of its faces it convex, and another b concave, ii 
placed over an aperture in the top of tlia box. 
The rays from a distant object will be made 
to converge after impinging on the eonvei 
urlace a, and being reflected in tlie interior 
of Iha prism, will pass into the box, and 
paint the image on a sheet of paper placed 
It the bottom cd to receive it The picture 
[hits obtained is exlremoly vivid, from the 
perfect reQsclion of rays from the bait of 
the piism, and from the spherical aberration 
being to a great extent counteracted by the 
ooacBve face of the prism. As these meniscus 

Tu are dilGuult to procure, iticy may be 
*er]r advantageously replaced by a lectan- 
iniliiT prisin having a plano-eonvei and a plano-concave lens, of proper local 
length, cemented by Canada balsam on two of its faces, as shown at i. 

740. When a vivid beam of light, before being made to diverge by refrao- 
lioa thtoogh a tens, passes Ihraugh a boibII ttansparent body placed before it, 
su enlarged image of the object will be painted on a screen placed at a proper 
distance behind the lens. This ia the principle of the solar microscope. The 
nrnplost form of this instrument consists of a pyramidal box ABcn, furniahed 
with a door at E, hke a camera obscura (739). 

ThB solai rays falling directly, or leflccled by a Fig. 347. 

man looking-glass on a plane mirror i, are 
teBeCted lo the plaiio-oonvei lena a, whore Ihey 
undergo refraction, and ftil on an object placed 
at K, nearly in the principal focus (503) of e. 
The light then pasaeg through two plano-convex 
lenses, each of nboul half an inch focal length, 
» t, movable by means of rackwoik: at m, 
(brming a widely diverging beam, paints an 
enormously magnided image of the object a 
(he bottom of the box, where it may be viewed 
through the door %. To prevent, as much 
as possible, spherical aberration (603), a dia- 
phragm of melal, pierced wiih a small hole, o ^- 

should be placed between the two lenses at l. 

If the minor r bo removed, and the directlight of an Argand lamp be in- 
cideol on 8, we have the luceroal; and if Ihe light of mixed oxygen and 
bydtogen gases be employed, wa have the oxy-hydrogen micioscope. 

7*1. The magic hintern differs scarcely at alt in principle ftom Ihe three 
laM described instruments. The light of a lamp, placed in a tin or wooden 
box, is reHecfel by means of a c 
figures paimed in vivid transpacei 
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is converted into a large diverging beam by refraction throngh two ooova 
lenses placed near the objects, and capable, by a sliding tube, of being adjuiied 
to such a distance as to cause the image, when received on a white opaque 
screen, to be as vivid and distinct as possible ; the magic-lantern being nodung 
more than a lucernal microscope of low magnifying power. If the soreea 
on which the object is painted be transparent, and the spectator be placed 
behind it, the image will, in a dark room, appear to be painted 8pecUe>lilu 
in the air, constimting the well-known phantasmagoria. 

742. A very valuable instrument, termed the camera lucida, for ttHaag 
drawings of landscapes, &c^ depending upon internal reflection, was coo- 

trived by Dr. Wollaston, in 1807. Thisooofltt 
Fig. 348. of a quadrangular prism, the angle b being 90^i 

D 67*5°, and c 136°. Says bm, evolved fion 
any distant object, will, after incidence on a, 
be reflected in the interior of the glass to ci, 
and thence to the eye placed above the angle a. 
And as all objects appear to be placed in the 
direction of the rays which eventually resch 
the eye, the image will appear to be painted 
f on a screen or sheet of paper at ea ; and if t 
i perforated piece of metal be placed on ai, lo 
that one-half only of the aperture be over the 
angle ▲, the image and paper will both be tis* 
ble to the eye placed over the aperture; and a 
sketch of the object may thus be taken with ex* 

treme accuracy, by simply copying the outlines of the figure seen depicted 

on OH. 

743. A very excellent instrument, advantageously replacing the camen 
lucida, especially in making microscopic drawings, is the mirror of Soe^une^ 
ing. This consists of a small round speculum of steel, about one fourth of an 
inch in diameter. This being fixed before the eye-glass of a microscope at 
an angle of 45° with the axis of the instrument, a person looking into it (the 
body of the microscope being arranged horizontally) will see the image of any 
object placed on the stage reflected on the table. At the same time, from the 
small size of the mirror, the surrounding objects are visible, and thus, with a 
little management, the outlines of the image can be easily traced with a 
pencil. 

744. When simple lenses are used for single microscopes, it is important to 
diminish spherical aberration as much as possible, by permitting only thoie 
rays which pass near the centre of the glass to reach the eye. This may, to 
a great extent, be efl^ected by Dr. Wollaston 's method, by placing between two 
plano-convex lenses, a piece of metal perforated in the centre. A better mode 
of obtaining the same eflect is by grinding away the equatorial portions of a 
spherical lens, as in the well-known Coddington lens, which is ihe most pe^ 
feet of any hitherto constructed. 

745. Microscopes composed of two, or several lenses, are termed compoaad, 
and are preferred to the simple instrument, from their larger field of view, 
and their not, when properly constructed, fatiguing the eye so much as thoae 
composed of but one lens of very short focal distance. In these microscopes, 
a magnified image of an object is formed, by allowing the rays passing through, 
or reflected from it, to be refracted through a lens of short focal distance ; the 
image thus produced is viewed by a second lens of much lower magniiyiDg 
power. Thus, in the compound microscope, we examine the ma^ified image 
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Fig. 349. 




Fig. 350. 



of tli0 object, whilst in the single instrument the magnified 
ofajoet itieif is seen ; and hence the former requires excessive 
oaie in their ocmstruction, to ensure an accurate and perfect 
image. If abo be a tube of brass, blackened inside to absorb 
■aperflnoiis light, and provided with a small lens at c, an ob- 
ject placed in its focus at t strongly illuminated, by light reflect- 
ed ftom a mirror placed below it, will have an image of it 
Ibrmed in the focus of the eye-glass ▲ at^ and maybe viewed 
thiongh ▲, by which the diverging rays are made to enter the 
eye in a parallel direction. Fo; the purpose of increasing the 
field of view, a third lens b is often introduced ; this causes 
the diverging rays going to form the image to diverge still more, 
and a burger image, as shown by the dotted lines, is formed at 
f. The distance at which the object-glass c is from the eye- 
glass ▲ must always exceed the sums of their focal lengths. 

746. The most valuable microscope for a certain class of 
otijeets, on account of the great distinctness of the image, is the 
doablet of Dr. Wollaston. This consists of two small planoconvex lenses, 
whose focal lengths are as 1 to 3 fixed in the brass cups a, the least convex 
lens being nearest the eye. The brass tube b is about 
AX inches long, furnished below with a plane mirror at 
v; aoiroular aperture is made in a piece of brass placed 
above it, through which the light reflected from f passes 
%o nndergo refVaotion through the convex lens s, so as 
%o form a distinct circular image of the aperture at the 
distance of about 0*8 inch from i. The object to be ex- 
amined is placed on a slip of glass on pp, and the lenses 
In A. are adjusted by means of a screw at s. By this in- 
•tnmient, the most delicate markings and finest strisB 
00 VBiy minute objects, are clearly and distinctly seen. 

In all ordinary microscopes, the centre and edges of 
'die magnified image are never equally distinct, from 
the spherical aberration of the lenses (603) . To remedy 
tiiis, diaphragms perforated in tlie centre are placed in 
the body of the microscope, to exclude those rays which 
are refiaoted ftom the edges of the lenses. Menisci 
(590), or the compound lenses contrived by Sir John 
Uenchel, may be used for eye-glasses, so as to prevent this aberration from 
intarleiing with the distinctness of tlie image. 

747 We have seen that if a doubly convex lens be cemented by means 
of CSanada balsam to a plano-concave lens (628), so that a convex surface of 
the former will accurately fit into the concavity of the latter, it is obvious that 
a compound plano-convex lens will result, whose magnifying power will be 
oqnal to that of the doubly convex lens, mtnu^the diminishing power of the 
plano-cmicave used in its construction. In such a compound lens, no advan- 
tage would be gained over a simple plano<con vex lens of the same curvature, so 
long as Ae planoconcave and doubly convex glasses were composed of me- 
dia possessing the same dispersive powers (519). We have already learnt, 
that difierent varieties of glass possess very difierent intensities, with regard 
to the resolution of light into colored rays; if, therefore, the plano-concave lens 
be of flint glass and the doubly convex of crown-glass, a compound lens will 
molt, in which the magnifying power will be less tlian the doubly convex 
ions fay itself, but which will possess the superior advantage of giving an 
image nearly free from marginal fringes of the prismatic colors, providing 
the curvatures of the constituent lens have been properly adjusted. 
30 
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A oompoand achiomatio lens thus constrnded fbna» an excellent object- 
^Ass for a compound mkaroeoope, giving a nearly colorlees image of the okgeoti 
which will bear a hi|^ magnifTing power in the eyei^laae than any obgeot 
fimned by an ordinary lens of equal focal length. 

748. As it is a matter of great practical difficulty to balaooe the chxomBtie 
and spherical (507) aberratioDS perfectly in a single pair of lenses, immenss 
advantage is gained by the combination of two or three pairs, in which the 
aberrations of each are mutually balanced. Object glasses oonstnieted on tUi 
principle have, in the experienced hands of Messrs. Hu^ Powell, AndieV 
BIoss, and Smith, been lately brought to an amount of perfection which could 
scarcely have been anticipated. 

Among other advantages presented by an achromatic objectidass, is the fine 
illuminations of the image, arising from the larger pencil of rajrs whidi esa 
be admitted into the body of the instrument Thia may be readily nndenfiooil 
by a reference to what has been already stated with regard to the nse of diip 
phragms or stops, in the structure of optical instruments. These are peifiv 
rated pieces of metal so placed as to cut off the more external rays of a pemd 
passing through a lens, and thus permitting only the central rays to reach the 
eye ; and in this manner many of the aberrations of a lens are practical^ 
reduced to a minimum, at the expense, of course, of a vast loss of light 
The achromatic construction, by allowing the transmission of a larger peucQ 
of rays, enables us to use hig^ magnifying powers with a perfection of illomi- 
nation previously unknown. 

749. So delicately are the aberrations of a well made achromatic object- 
glass balanced, that the simple examination of an object covered with a piece 
of glass or mica, is sufficient to interfere with the perfection of the imaga 
It must be borne in mind, that the constituent lenses of an object-glass are 
arranged for the examination of naked or uncovered objects, and as we have 
seen that the interposition of a parallel refracting medium affects the angles 
of divergence and conveyance of transmitted rays (492), it is obvious that 
lenses, if adjusted for the examination of naked objects, will require some 
correction, if a plate, however thin, of a refracting medium be interposed. 

This effect is of course only practically percqptible 
when object-glasses of high power are employed; 
and we are indebted to the ingenuity of Mr. Andrew 
Ross for a knowledge of the mode of correcting it 
The object-glasses constructed with this improvement 
are connected with a piece of mechanism shown in 
the marginal figure. The two posterior achromatic 
lenses are fixed in the end of the tube b. Upon this 
slides a cylinder aa, carrying at the end the third or 
anterior lens, which by turning the screwed ring cc, 
may be approximated to, or separated from, the otbei 
two leases. The proper distance for the adjustment 
of these lenses for uncovered objects is known by t 
line marked on the tube a, coinciding with one oo 
the tube b ; and, when objects are examiiied which 
are covered with glass or immersed in a fluid, the 
distance of the third lens from the other two is altered 
by turning the ring cc, until a perfect definition of the object is obtained. 

760. The image of an object thus ibrmed by the achromatic combination of 
lenses is examined through eye pieces of different magnifying powers. These 
are variously constructed, but the roost approved are the Huyghenian, consist- 
ing of two lenses, ex, and ff, (fig. 352,) each being planoconvex with their coo- 
Texities in the same direction, xx is termed the eye-glass, and n the fleldglaa, 
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uoni alMadjr pcdnted mt - A perforated stop or Fig' 3S3. 

ragm i« placed at ■■, to cot off the extreme tayi ^ ^ 

light iDteifere with the perfeclkia of the imiige. ' 

. All that ii eMential to the connmctioa of a per- 
licToaoope u, then, a good sobiomBlio oombination 
Ml 10 fimn Bn image of on object, and a well-mBite 
see to magniQr this image. The distance at whioh 
ijeetgloM and eye'piece are placed, muet elway > 
i the Bum of Ihaii tsapectiTs focal lengtbi. It is 
I* Aat the mngnUying power of & microacope can 
mued in two model, by iooreasing the magnifying 
r of die objeot-glaniand (bus form a lotger image of 
deot, or bjr eiuniiUDg thii image with a deepei 670- 
^ e. one of higher magnifying power}. The flnl mode la nadoubtedtf 
oat Bcouiate, as bj the second we nngniiy any errora which may exiU 
image Ibrmed by the objectgiasa, aa well as the image itaelT. Still, 
food and trustwonhy object-gtaues, we may often conveniently eiamina 
lage wilh_ difieient eyepiece*, and thiu aroid the necesailj of allering 
wltkm of iha object or remoTing the abject-glBu. Aeootdingly, ume of 
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the oontinentfti microicopes, as those made by OberhSoaer, ue piovided wilh 
a series of six eye-pieces of different magnifying powers. £ngUsh naa^ 
scopes have, liowever, seldom more than two or three. 

752. The mechanical arrangements of a microscope are scaxcely of ka 
importance tlian the jierfection of lenses. As a general rule, that fivm of ap* 
port which combines the greatest finnness with the most facility for the iiaoei> 
sary adjustment, is to be preferred. The' stage should alwaysbeafixton^sid 
the adjustments effected by moving the body of the instrument. Manyfinai 
of support for the optical part of the microscope have been eonstmcled bj 
Prichard, Ross, Smith, and Powell, in this country, and each has, probsUy, 
its peculiar recommendations. I consider, however, that for a really workii^j 
instrument, capable of being applied to any purpose for which a microsoqw 
can be employed, the one constructed by Mr. Powell, and figured in the pie- 
ced ing page, is probably the best. 

The whole instrument is supported on a double pillar resting on a firm 
triangular foot The cylinder, in the lower end of which is screwed the 
object-glass, with its fine adjustment b, moves on a firm support i by meam 
of rollers, so that by turning the milled head ▲, it may be placed within vof 
required distance of the stage. The latter consists of a lower portion o, fixed 
to the support of the instrument, and provided internally with a pinion ind 
screw, so that the upper plate h of the stage can be moved in any direction, 
by turning the heads of the screw n. The upper portion of the stage is pro- 
vided at H with a spring slide, to grasp the plate of glass holding the object 
under examination, and has, moreover, a rotatory motion by which the l^iei 
may be placed in any required position. 

The object, if viewed by transmitted light, is illuminated by means of t 
mirror e, the light being, when required, condensed by means of an achiomatie 
lens fixed at the end of the tube e. So that the object is illuminated by 
colorless light, as well as being examined by lenses, which if properly id- 
justed, do not generate false colors, and thus the magnified image produced ii 
as perfect as possible. 

753. The linear magnifying power of these instruments is of course limited 
only by the focal lengtli and accurate adjustment of the object-glass with re- 
gard to chromatic and spherical aberration. In the practical application of the 
microscope it should, however, never be forgotten, that the hwtgt power wtt 
which an obfect can be distinctly defined and examined is always to be prefani 
The following table contains the different magnifying powers obtained widi 
different eye-pieces and object-glasses, in Mr. Powell's microscope. 



Focal length of object- "> 
glass, in inches . . > 


1 
TIT 


i 


i 


i 


1 


3 

20 
40 
70 


First eye-piece .... 


700 


330 


170 


75 


40 


Second ditto 


1400 


660 


150 


80 


80 


Third ditto 


2500 


1200 


600 


250 


140 



754. Reflecting microscopes, on the same principal as Newton's telescope 
(733), have been constructed by Professor Amid of Modena, and others. In 
these instruments, the object is placed in one focus of a small and finely 
polished ellipsoidal speculum, and its image formed in the other focus is ex- 
ammed by means of a magnifying eye-piece, consisting of one or more lentei. 
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75Su Tbe feftaoliiig telewope was inyented in the thirteenth centor^, al- 
^boQi^ the difcovory appears to have been nearly lost until the sixteenth. 
TTie- simplest telescope is that employed for astronomical purposes, and oon- 
rilta of a conyex lens of long focal distance fixed at one end of a tube, and 
ttcpowd to the object, the image of which, when formed in the focns of the 
tens, is esanoined by a second convex lens, or eye-glass, of shorter focus. These 
koses shoiild, for distant objects, be placed at a distance from each other, cot' 
letpondiog to the sum of their focal lengths. In the following figure, ab is the 
olject^aiH^ and cd, which must always be of shorter focus, the eye-glass, and 

Fig. 354. 




plaoed, if the focus of the former were eight, and that of the latter, two inches, 
at a; mutual distance of ten inches. To acconmiodate this instrument to objects 
at diflSsrent distances, the eye-glass is usually fixed in a tube which slides 
widiin that containing the object-glass, and thus permits a ready adjustment 
of the instruments. In this telescope, the object appears inverted fhim the 
intaarseotioa of the rays by refracdon, and hence its use is extremely limited. 
Ani erect image may be obtained by adding two other convex lenses behind 
CD, and of the same focal length, but a loss of light is necessarily produced by 
their use. Spherical ab«rmtionmay be prevented as much as possible, by the 
•ame means as in the case of compound microscopes. 

The magnifying power of these telescopes is found by dividing the focal 
length of the 6bject-glass by that of the eye-glass. 

766. If a concave eye-glass be substitute for the lens en in the last described 
iDStrmnent, we have the Galilsan telescope, which exhibits objects in an erect 
position and with very great clearness. The lenses in this instrument are 
plaeed at a mutual distance, equal to the d^ertnce of their focal lengths, and 
hence telescopes on this construction are much shorter than in those in which 
both lenses are convex. The magnifying power of this telescope is found by 
die tame rule as that already given for the astronomical telescope. From the 
■nallnets of its field it is chiefly limited to the construction of opera-glasset. 

757. Having reviewed the theoretical construction of some of the most 
important instruments used for optical investigations, the student will be ena* 
bled, from the preceding observations, to understand the mode in which the 
eye acts upon light so as to prepare it for communicating to the sensorium 
the images of objects by which we are surrounded, and thus develop the sense 
of sight The following observations, it must be borne in mind, apply only to 
the eye, considered as an optical instrument of tbe most perfect kind, and 
mioonnected with the physiological relations of the subject, except such as are 
essential to a knowledge of the physical action of the organ of vision. The 
following figure represents a transverse section of the led eye (human), made 
by passing a plane through it, parallel to the opening of the eyelids. The 
form of the eye is nearly spherical, four-fifths of its circumference aba being 
nearly circular, the remaining fiAh aa constituting the transparent portion, 
being more convex, and forming a curve of a lesser sphere. Afler removing the 
mnsoles attached to the eyeball, the most external coat becomes visible. This 
is a tough, pearly, opaque membrane, termed the iderotic coat, extending from 
the eatmiioe of the optic nerve o, on the nasal side of the optic axis cb to aa, 

30* 
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where it temuoates in a circular opening, famished at its margiii with t 
grooved edge, into which fits the transparent comeoy in the same manner aia 
watch-glass fits into the grooved circular piece of metal made to receive it 

The cornea is as transparent as gliMi 
Fig. 355. ^^^ ^ about one-third of a line in tbidEr 

ness. A delicate nmicons membEUM^ 

a termed the confunctwa, is expanded orer 

the cornea and sclerotic, and theooa r^ 
fleeted to the inner sorfiu^ of the eya> 
lids. Lining the sclerotic coat is ths 
choroid membrane extending from o, to 
the anterior part of the eye contiguous 
to the margin of the cornea, where it 
terminates in the ciHary Ugamatt, cod- 
stituting a bond of union between the 
choroid, sclerotic, and iris. The choroid being here thrown into a number of 
puckered folds, the interior surfaces of which, as well as of the whole extent 
of the membrane, are covered with a black pigment. The optic nenre o 
enters the eye on the nasal side of the optic axis, and exjjands into a third 
ooat termed the retina^ which passes towards the anterior part of the eye,8iid 
terminates in a well defined edge. The retina is the membrane upon whieh 
the images formed by the refracting structures of the eye become painted: it 
is prevented becoming stained by the black pigment with which the choroid 
is imbued, by a delicate intervening transparent double membrane, teimed 
Jacob's membrane. 

A deliaate fibrous irritable structure, named from its various colors the vu, 
is suspended vertically from the ciliary ligament having in the centre an ape^ 
tare, termed the pupil, which is capable of becoming enlarged or diminished 
involuntarily, uncler the stimulus of light. The iris is shown in the section 
at II ; the space between it and the cornea is tenned the anterior chamber of 
the eye, and is filled with a fluid known as the aqueous humor. Behind 
the iris is suspended in a capsule a transparent double convex lens l, whose 
posterior is greater than its anterior convexity : this is termed the crystaline 
lens. The remaining portion of the ball of the eye is filled up by a refract* 
ing structure termed the vitreous humor, in the anterior j^ortions of which 
the lens l is imbedded : this is made up of a fluid contained in the convoluted 
folds of a transparent hyaloid membrane. The total length of the eye, ak)ng 
the optic axis cd, is about 91 of an inch. 

758. From the investigations of Sir David Brewster, the following are the 
refractive indices (581) of the diflerent refracting structures of the eye, when 
light is incident upon them from air, or from each other : 

Ref Index for light, passing from air into the aqueous humor 1*3366 

Ref. Index for light, passing from air into the vitreous humor 1*3394 

Mean ref. Index for light, passing from air into the crystaline > - .qoon 

lens J 

Mean ref Index for light, passing from the aqueous humor to > - -oTii 

the crystaline lens J UJOJ 

Mean ref. Index for light, passing from the vitreous humor to 5 , ^oon 

the crystaline lens J 1-OJja 

Rays of light, on impinging upon the eye, are refracte<l through the tran^ 
parent cornea, those incident on the sclerotic being reflected. The cornea 
may be regarded as constituting tlie anterior surface of a meniscus lens, of 
which the posterior surface is formed by the capsule of the crystaline lens. 
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the aqneoui humor fi>nning the refracting medium of this fluid refractor. The 
nyt of light which thus tend to be refracted to a focus, pass through the pppil- 
luj opening of the iris, those passing too near the margin of the lens formed 
\tf the anterior chamber, being reflected or absorbed : the iris, answering the 
pnrpofe of the perforated diaphragms (746) in microscopes and telescopes, 
and being capable of varying its aperture, possesses advantages altogether un- 
Bttaiaable in metallic diaphragms. The pencil of rays having passed through 
Ibe fluid meniscus, impinges on the crystaline lens, and becomes considerably 
xefiracted ; fliis refraction being increased by the action of the vitreous humor, 
the last medium into which it passes ; and finally paints upon the retina an 
inverted image of the object, IVom which the luminous undulation producing 
the rayi were propagated. AH rays which are reflected in the interior of the 
eye, or pass too obliquely for distinct vision, have their undulations checked 
by the black pigment with which the choroid coat and its folds are imbued. 

759. The refracting structures of the eye thus act upon light, and produce 
an image of any object upon the retina in the same manner as a convex lens 
does (599), with the advantage of increased clearness of the picture from 
the absence of spherical aberration (603), produced by the curved form of the 
retina, and by the structure of the crystaline lens; the refractive power of its 
centre being greater than that of its surface, in the ratio of 1*3990 to 1*3767. 
This diminution of aberration is also assisted by the pupil, which acts in the 
same manner in preventing spherical aberration, by being placed between the 
fluid meniscus and the crystaline convex lens, as does the perforated dia- 
phragm in Dr. Wollaston's, or the excavated sines in Coddington's lenses (744). 
Chromatic aberration (628) is, doubtless, to a certain extent, compensated in 
the eye, by the difierent dispersive powers (616) of its several structures; 
aldioagh this organ is by no means perfectly achromatic, as may be shown by 
the spectral colors observed fringing minute bodies held near the eye. Nor 
it this achromatic state necessary for the perfection of vision, as the deviation 
of the diflferent colored rays is too slight to produce any degree of indistinct- 



760. The eye in all warm*blooded animals is formed upon the type of that 
of man, with the occasional addition of supplementary x>ortions, better fitting 
tfie organ for the performance of vision in the particular animal. In fishes, 
residing in a medium of nearly the same refractive index as the aqueous 
humor, the latter fluid becomes useless, and is replaced by a viscid secretion 
of greater refractive power. The crystaline lens is, in these animals, nearly 
spherical, and placed close behind the cornea, and the iris which is close to 
the latter is undilatable. In insects the eye is '^evf simple, consisting of a 
lenticular cornea, placed in front of a nervous expansion. 

761. Although it is demonstrable that images of external objects are formed 
upon the retina, it has been doubted by some whether the latter membrane 
is the seat of vision, as in certain species of cuttle-fish an opaque membrane 
is found between the vitreous humor and retina. The choroid coat and vitre- 
ous hnmor have each been supposed to be the true seat of vision. It is a 
curious fact, that the point where the optic nerve enters the eye is absolutely 
incapable of distinct vision, and if the image of any object falls upon it, it 
ceases to be visible. This may be shown by placing three wafers on the 
table, about two inches distant from each other, and having closed one eye, 
look at the outside wafer on the same side as the closed eye: at the distance 
of about eight or ten inches from it, the two outer wafers will be distinctly 
■een, whilst the midd -^t^ will be quite invisible. It appears from tliis ex- 
periment, that if visi t depends upon some vibratory movement ex- 
cited in the membrar»„, .. ..ich the images of objects become depicted, the 

reason why the base of the optic nerve is insensible is, that it is too dense to 
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•name Aoie morements which its expansioii, the reliiia, hmre XMidil/ oooh 

mimieated to it 

762. VThen an object is Tiewed with both eyes in a healthf penon, its^ 
pears single, whilst it is obvioos that a distinct image is painted upon mA 
ratina. This is readily explained by the &cty that the two iroagee lying sa* 
aotly in the directioa of the optic axis, overlap each other, and virtnally psi^ 
dnoe bat one image. If one eye be pushed out of the optic axis, these imsges 
are separated, and then, as in the case of squinting persons, the obfectappesB 

dooble. 

763. Many ingenious arguments have been used to explain why objseli 
appear erect, whilst their images painted upon the retina are inverted; 
although a little reflection on this circumstance renders it probable Aat aoch 
must necessarily occur, from the law, that all objects appear to be placed is 
the direction pursued by the rays which eventually reach the eye. If ii be 
an object from which the rays following the direction of the lines shown in 
the figure pass into the eye, they become refracted towards the retins, sud 
paint upon it the image cd. Then if the retina be supposed to be the sestof 

Fig. 356. 




vision, the impression communicated by it to the sensorium is that of an ereet 
object ; for the part d of the image will appear to be placed in the direction 
of the rays da, and the upper part c will appear to correspond with the lower 
part B of the object, which will appear to be situate in the direction of the 
rays CB. Consequently, although the image painted upon the retina is really 
inverted, it conveys to the mind the sensation of an erect object 

764. The really most marvelous subject connected with the eye, as an 
optical instniment, is its power of adapting itself to various distances ; for it 
is well known, that in viewing objects through a telescope, the distance of 
lenses from each other in the latter, requires to be altered by drawing oat or 
thrusting in the slides of the telescope, whereas the eye appears intuitiYely 
to accommodate itself to the various distances at which objects happen to be 
placed. Whether this is effected by an alteration in the form of the entire 
eye by the action of its muscles, or of the crystaline lens only, appears to be 
a matter of doubt; the alteration in the pupillary opening could only very 
slightly assist in obtaining this end, unless this is accompanied, as is very pro- 
bable, by a partial displacement of the crystaline lens. 

765. The impression of an object upon the retina lasts for an appreciable 
time after the former is withdrawn, and hence the eye may be rapidly closed 
and opened without losing sight of an object If a burning coal or red-hot bar 
be made to revolve so rapidly, that the whole revolution may be completed 
in about 1'", an entire luminous circle is produced. The impression thus 
vividly excited upon the retina appears to continue about one-seventh part of 
a second of time. 

766. It has been shown that the undulations of white light maybe resolved 
into two sets, producing upon the retina different colors complementary to 
each other, or which, when striking the eye together, will produce the sensa- 
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tian of white ligbt Wlien sny penon gasei upon a nd waftr, slninglr illa- 
uiiutecl, Its soma seeondl, Mid then Buddenly uicns ibe eye to a whiteuubca 
IMBT it, a apootial imsge of the wafer, but of a green oAor, will bocome tUi- 
blo. i£ the wafer be yellow, and placed on a black surfaoe, the spectcal 
imaie will be deep Tiolel when viewed on n while ground; in the eame 
ttimwtw\Mt a while wafer ia attended by its black spectral figure. Thus wafers, 
01 olhei colcued objects, produce spectra of colors complementary to thcii own. 
Hie oomplementBry tints thus produced are termed BCcidental colors, and may 
be Ibund by reference to Newton's eiperimems on thin plates, the reflected 
and trannnitted tints being complementary to each other (614). 

767. The most complete mode of demonstrating tlila color is the fcdlowini^ 
Jbr which I am indebted lo Mr, Cowper of Sing's College. Cut in a pieca 
of cBid boBid a series of holes, so that when folded togelher 
diey will exactly correapond ; the whole resembling open F^ 3S7. 

latlice-woTk. Pionde some sheets of thin tissue-papei of 
TBriau oolois, selecting those presenting BiroDgly defined 
liaU; Place one of these between the folds of the card- 
board and hold it up to a vivid light, keeping the eye fixed 
on the lattice-wotk whilst the light penetiales the colored 
paper. In a few seconds the white color of the pa 
boeid will vanish and be replaced by a sttongly-marl 
tint complementary to that of the paper placed in it Thns 
with yellow paper the fiame-worli will appear violet, with 
blue il will 1m orange, and with red it will be green. The illusion ia so com- 
plete that it always excites surprise in those who see it for the 3rst time. 

7S8' These accidenml tints have been eiplained by Sir David Brewster, 
in the following manner: — The eye being strongly excited by gazing on a 
oolcred body, as a red wafer, becomes pBrtially paralyzed 1o the aclioti of un- 
dulattoos producing that litit ; and on then allowing while light to impinge 
npon the eye, those undulations, which move with auch a velocity as to pro- 
duoe upon an uneudted eje the sensation of a color correspondiog to that of 
the waier, are wilboat action on the lemporatily pamlyzed organ ; and the 
muaining set of unduisdona are alone active, producing on the retina the 
■enntiOD of a tint complementary to that of the wafer. 

769. A lematkable case of resolution of white lighiinto ita cirinplementsry 
tinl^ by nneqnally exciting the eyea with white light, has been described t^ 
Mr. Soiilh.* If we hold a slender slip of white paper vertically about a fool 
ttata the eyes, fixing both the latter upon an object at some distance beyond 
it, so aa to see the paper double, and aJlow the light of a candle to act vividly 
OS the right eye, without affecting the Jel^ the left-hand image of lbs strip of 
paper will appear to be bright green, whilst the other will eihilntihe comple- 
meolaiy color, or red. If the direction of the scarce of light be changed, the 
poailioi] of the oomplementaty tints will become reversed. 

770. Individuals are not uniiequmlly met wilb, wliose eyes are as insensi- 
ble to certain tints, aa the ears of some are to parlionlar sounds. Several casea 
of Ihia kind have been described, in which the following cotora have been 
ooolbaitded by the persons affected with tliis ourioua defect of the viaual 

Br^ht green, with grayish-hrown and flesh red, 
Rose red, with green and gray, 
Scarlet, with dark green and bait-brown. 
Sky-blue, with grayiah-blue and lilac-gray, 

■ Edln. Jaurn. Science, iii. p. 1. 

t SnbBck in Poggeadorff, Annalen, xlii. ITT. 
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Biownish-yellow, with jreUowiah-brown and gnss-grean, 
BrKsk-red and rust-brown, with deep blive-green, 
Dark-yiolet, with deep blue. 

This remarkable state occasionally occurs in disease, and disappears on die 
patient*8 recovery. I had once a patient affected with cerebral disease under 
my care, in whom vision was previously perfect, but during the attack she 
oonibunded several tints with each other. The colors mistaken ibr each other 
in this instance were in general the complementary ones ; red being mistaken 
Ibr green, and orange being confounded with blu& Of the physical cause of 
'this remarkable state, however, nothing is known. 



NOTE. 

In the elaborate Monograph on Light in the CyclopsBdia Metf(^x)litaiia, hjr 
Sir John Herschel, the student will find a most valuable source of reiereBoe 
fiyr everjrthing connected with physical optics. The^ Essay on Optics by Sir 
Pavid Brewster, in Lardner*s Cyc^peedia, will prove a most excellent foide 
ibr the less advanced student 

For further infi)rmation on the subjects treated of in the last seven obnpten, 
in addition to the general treatises on physios before referred to^ the nader 
should consult the Treatise on Optics by Sir Isaac Newton, the Esny en 
Optics by the late Dr. Wood, of Cambridge, Dr. Young's Eiemeota oo Nataitl 
Philosophy, and MfiUer's Physics, section v. In the researohet of Sir Dtvid 
Brewster on polarized light, diffiised through a series of papers in ihe Tnns- 
actions of the Royal Societies of London and Edinburgh, will be fonnd eveiy 
inibrmation on that interesting department of physios. 
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Thtoria of heat, 111. Proximale ravtet ofhtal, 773. Heat and cold, 773. Ex- 
- pamoH, 774 ; of fiaidt, 775. Water an exceptioH, 776. Thermamtlen, au; 
77S ; Ltiliei, 779 ; Mtraa-ial, 780 ,■ graduation of, 781 ; Formula for, 782. 
Tatit of oMigradt degrtet, 7B3. Bregutt't vwtaihe thtrmomtttr, 784. Pyro- 
«wt(r(,785. Varying txpatuionof/luidtjlST. Conduetion of laat,lS6. Laint 
of halting and cooling, 7B0. Table of joKrf amdncton, 790. Bad ctmAirfing 
pimxr of fimdi, 791 ; of gasei, 792 ; o/ artielei of dolhing, 793. Cwiwdion 
o/ Aeol, 70&; copafiy /or, 798. %qfic A<o(, 799; Ratio of, (o atonic mighl, 
800; 0/ ffBiM, 801. XafnK htat. SOa. vl4<(raf(f(»i o/A(a( iy tolalion, 806 ; 
(mihilibn of 6y toIu^iUiim, 807. Xolenl AtnC of tttam, 608. fzpannoii of 
fiodt in Doporoii™, 809. CoBpc/atton of bodia, 810; efrM/iiiMW o/ 811. 
SphiriealilateoffiivJi by keat,ii'i. Frtexing of mitei- in rtd-hot wmkU, S14. 
Proditction of tctby evaporation, 815. Jlolio of almotphaic praturt to ibulH' 
tioit, 817. Cryophona, 818. Jltmoipbenc vapor, 819; elotlinfy o/, 820, Hy- 
gnmetert, 891, Dao-potnl, 823. I>iinuiri ^gronKfcr, S33. Ifd-^U Aygro- 
BUtrr, 824. CAfmicaf artion o/ heal, B25. 

771. Tbi same difference of opinion hns oxisled among pjiilosopliers with 
regard lo the distinct cause of heat from light. Some have contended thai Iha 
Bvolution of heat, as of tlie aun and oiber Eource?, depended upon the Pmission 
of infinitely minute panicles of matter, to which ihe general term cobnc wag 
mpplied. Others again have applied the unitulalory hypotheeia to Ihe eipl(t- 
DadoD of ihe phenomena of heat as of light (O&l), and have supposed iliat 
theie ara merel/ the reBolta of the undulations of an imponderable ether 
eqtialljr difiiiaed with that, whose tremulous motion produces light, if it be not 
JdenlicaE with it. Researches on the subject render it, at least, probable that 
heat and light depend upon the undulalory movements of the same ether, the 
fhnnei being the result of siKsb motion when made with too little rapidity to 
produce the laller. 

772. The chief proiimate cause of heat is the sun, whose rays convey to 
OS this important agent in common with light. There are, however, other 
exdling causes ^iefiy of a mochanicai and ohemical character, to which it ia 
neoeuary to allude. 

A. Friction. — Produced whenever two bodies are rubbed together. Thus, 
when iwt) pieces of ice are rubbed togellier, sulhcient heat is generated to 
mell them. Among uncivilized nations, heat is produced by the natives by 
the friction of pieces of wood Bgamst each other. Count Rumford found that 

, in the operation of boring a brass cannon, 7J inches in diameter, the borer 
maliiDg Ihirty-lwo revolutions in a minute, with a presBure of 10,000 pounds, 
sofGcienl heat was generated to boil eighteen pounds of water, in wliich it 
was immersed, in 2} hours. 

B. Percussion.— This is an active metlianical Eource of boat, and appears 
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to depend upon iu producing a dimin-ution of bulk in tlie body struck, (bi, u 
■ gBnenl rule, whenevei bodies am diniiniBlied in buUc, heal is ovolve'l. Tbii 
u well iLliuualed in tbe coining pteta. Bi^rthollei submitted a piece of copper 
to the HTokeof n pcaag, unr) found thai ibe greatest evolution of heat occulted 
at the fint blow, and diminished wiiti eBcb sucueediog oue. 

With the flist ntoke n-S" F. of heal wi 

Bocond 7-8° ditto. 

tliird 19° ditto. 

C. Chemical action. — An active source of heal, int 
the nclion of hetetogeucous particles ate exerted oi 
bomion, &c. 

D. Electtkal action. — ExBrnples of this mode of evolving heal have been 
nlreadf given (427) ; it appears lo be connected with the resistance adbrded 
by Mnduction tn electric induction taking place through them. 

E. Vi»l BcliDn. — All beings pnsMseing life have the property of evolving 
heat, and geaerally of maintaining a temperature above that of the mediam 
in which tliBf live. In the case of animals, at least, it is highly probable that 
the evolution of heat depends upon b bIow combustion going on in the o> 
ganinn, eatbon and hydrogen being slowly converted into carbonic add and 
warn, not only in the lun^, but in every portion of the capillary sjrBtem (540). 
A theory long a^ advanced, and to which notice has been more recently 
drawn by the ingentouE arguments of Prof. Liebig. 

773. When a body has acquired the power of communicating the sensaliDn 
of beat ID oiLers it ts said lo be koi, and when, on the contmry, it lakes heat 
ttiAn the hand when brought near it, the body is said to be (old. Not the 
slightest diflerence of weight lakes place in bodies by the abstraction or com. 
mDDHalion of this power of comraunicaling the sensation of beat; a mass of 
matter so cold as lo freeze a little water when placed upon it, weighing the 
■ame aa when of the temperature of boiling water; the bulk of the body 
Edone undergoing a change. 

774. When the temperature of bodies is increased, they, with few eicep. 
tioni, incrrase in bulk. This increase arises from the repulsive power of 
lieat, for when this agent is aicited in bodies their molecules eiert a power 
of mmoal repulsion, causing, first, Ihoir increase in bulk; next, the alteration 
of the physical condition of the »ol id, causing it to become a liquid, and, lastly, 
it assumes the gaseous slate, if the repidsive power of heat be sufEcient (8). 
Solids expand less, and gases more in bulk than liquids for equal increments 
of temperature. 

The following table shows the increase in length of bars of different sab- 
Btances in rising from the tempemlure of fteening to ihal of boiling water. 

1000,000 in leuglli of glnss-mbe becomes at 312" 1000,861 

crown glass i 1000(875 

plminum 1000,856 

tteel 1001,180 

bismudi 1001,392 

gold 1001,400 

copper 1001,713 

silver 1001,890 

zino 1003,942 

By mulriplying the linear increase of bodies by 3, tbo total 
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775. Bf th6 Bame elevation of ternperature ilrom 32^ to 212°, the increase 
in balk of the following fliiids has been ascertained. 

1000 parts of water become 1046 

alcohol 1110 

fixed oil 1080 

■ ether 1070 

■ oil of turpentine —— 3070 

mercury 1018 (De Luc.) 

■ mercury 1020 (Dalton.) 

Gaseous bodies expand equally for equal increments of temperature, 1000 
parts of air at 32° becoming increased to 1375, at 212°, and the same amount 
of dilatation in bulk is experienced by other aeriform bodies. 

The ratio of the expansion of gases has been lately corrected by Rudberg, 
and, according to his researches, one volume of gas at 32°, becomes 1*365 at 
212°, so that a gas dilates ^g^^J of its bulk at 32° for each degree of Fahren- 
heit's thermometer (665), instead of ^ |^ as generally stated. If the volume 
of a gas at zero be 1, its bulk at any higher temperature may be readily found 
by the following formula : 

Volume 1 -I- Temperature by Fahrenheit's thermometer. 
■1 461 

For if the expansion be expressed in parts of the bulk at 0°, instead of 32°^ 
the expansion is ^ ^ for each additional degree of temperature. 

776. Perhaps the only real exception to the general law of bodies dilating 
by heat, and contracting in proportion as they are cooled, occurs in the case of 
water. If this fluid be heated to its boiling point, it will expand like other 
liquids, and if then it be allowed to cool, it will be found to contract in bulk 
•teadily until it attains the temperature of 40° F., at which point it will attain 
its maximum of density. On continuing to diminish its temperature, the water 
will commence dilating in bulk until it attains the freezing point, or 32° F., 
and if it be cooled below this point without freezing, by avoiding all agitation, 
it will still continue to expand. The bulk of an equal weight of water at 
48° and 32° is the same. The specific gravity of ice as compared with that 
of water at a mean temperature is as 04 to 1*0. In the act of freezing, a 
more marked amount of dilatation occurs; the bursting of water-pipes in 
whiter irom this cause is a phenomenon familiar to every one. An iron 
plufc, weighing three pounds, was used to close a bomb-shell filled with water, 
and on freezing the latter, the plug was projected with violence to the dis- 
tance of 415 feet. 

777. The great importance of water being the exception to the general 
law of bodies contracting by cold, may be illustrated by a reference to what 
would occur if this were not the case. For each winter the surface of our 
rivers and lakes becoming covered with a crust of ice, this would sink to the 
bottom, the fresh surface of water thus exposed would in its turn freeze, and 
another layer of ice would sink. This might go on even during a compara- 
tively mild winter, until our rivers could thus easily be converted into a solid 
mass of ice, which no succeeding summer's sun could melt, and thus the 
whole earth would become a frozen mass, and all animated beings perish. 
But by the ordinances of Infinite Wisdom, it has been ordained that water 
should expand instead of contracting below the temperature of 40°, and the 
sheet of ice once formed being lighter than the adjacent water, floats on its 
sorfiioe instead of sinking, and thus helps to protect the fluids below it from 
the further influence of cold. 

31 
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778. Before prooeedhig in his reseaiches on Ae propcrtie i 
of heat, it la neoessaxy for the inqoirer to be ftumialied widi 

OBome means of acquiring a measure of its intensitf . This iat 
portant intention is fulfilled by instruments termed thermooM' 
ters, or measurers of heat; all depending fbr their actioo vptm. 
the expansion of bodies by heat The first of these instramenli 
was contrived by Sanctorius, an Italian physician in the 16l!i 
century, and is now known as the air-thermometer, because dM 
indications it affinrds depends upon the expansion of incfaided 
air. It consists of a glass tube, having a bulb blown at one 
end ; the tube is then filled as iar as the bulb with a ooicnd 
fluid, and inverted in a vessel containing a similar liquid. The 
bulb is thus full of air, and on approaching a heated bodf 
towards it, the included air expands and depresses the fluid 
in the tube, a graduated scale attached to which marks the 
amount of subsidence of the fluid, and consequently of the 
expansion of air in the tube. These instruments are mrj 
delicate in their indications, but are rarely used, in 00D9e> 
quenoe of their inability to measure any considerable range of 
temperature. 

779. The air-thermometer was greatly improved by Sir John Leehe, whose 
difierential thermometer (as it is termed) has been of essential service in 
elucidating many of the more obscure properties of heat This instmmeot 

consists of a tube bent twice at right angles, each end 

Fig. 359. terminating in a bulb. Before hermetically dosing the 

^^ (^ bulbs, the tube is filled with sulphuric acid tinted with 

f^T^ ^P carmine or indigo, so that both bulbs are leA fall of 

air and the bent tube full of colored fluid. This instm- 
ment does not indicate any changes of temperature in 
the surrounding air, because so long as the air in both 
bulbs is equally heated the fluid will stand in the same 
level in the tube. If, however, a heated body, as the 
hand, be approached towards one bulb, the included air 
will expand and depress the fluid in the tube, driving it 
into the other bulb. The amount of depression of the 
fluid in the tube is measured as usual, by means of a 
graduated scale attached to one arm of the instrument 
This very elegant piece of apparatus is termed the 
difierential thermometer, because it indicates the difier- 
ence of temperature in the air included in the two bulbs. 

780. The expansion of liquids has been long used to indicate dififereoces 
of temperature, and instruments thus constructed have the advantage of being 
steady in their indications, and of being capable of measuring considerable 
ranges of temperature. The two fluids now generally used for liquid ther- 
mometers are alcohol and mercury; the former is of most service in the 
measurement of very low temperature, whilst the ease with which it enters 
into ebullition, renders it unfit for the examination of temperatures near its 
boiling point Whatever fluid is used in their construction, these instru- 
ments are always similarly formed, consisting merely of a tube of fine bore 
terminating at one extremity in a bulb, and filled with mercury, or alcohol at 
a boiling temperature to ensure the expulsion of air. The tube is fixed to 
a piece of hard wood, metal, or ivory, on which a scale is engraved. The 
lower end of this usually moves on a hinge so as to allow the ready im- 
mersion of the tube in any liquid. 

781. To enable the indications of diflierent thermometers to be oompanble 
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with eaob odur, wme flzod points from which the graduation 
of the toale ooold be made is absolutely necessary. The fixed 
point* aie Ibrmed at the temperature in which ice melts and 
water boilS) under a barometric pressure of 30 inches (185). 
The epaoe between these points has been divided in an arbi- 
trary manner, according to the views of different philosophers. 
Beanmur divided it into 80 equal parts or degrees, of which 0° 
oorrespooded to the temperature of melting ice (or freezing 
water) and 80^ to that of boiling water. This graduation 
has been extensively employed on the continent. Cefsius of 
Sweden divided the same space into 100 degrees, giving rise 
to the centigrade thermometer, in general use in France and 
QemMDj, The division of the thermometric scale employed 
in Engiand is that of Fahrenheit, a German artist, who assumed 
Ibr his xero the temperature produced by a mixture of ice and 
■alt, and he divided the space between this and the tempera- 
ture of boiling water into 212 degrees, of which the 32d cor- 
responded to the temperature of freezing water, and to the 0^ 
or sero of Beaumur's, and of the centigrade thermometer: the 
space between the temperature of boiling and freezing water 
it thus in the former divided into 80, in the latter into 100, and in Fah- 
renheit into 180 equal parts. 

783. Much confusion has resulted from the use of these different scales, 
and to avoid this as much as possible whenever a temperature is expressed, 
it is oostomary to indicate which graduation has been employed, by placing 
alter it the letters R, C, F, respectively. It is, however, very easy to convert 
the indications afibrded by one kind of thermometer into another, by remem- 
bering the ratio borne by the degree of one to that of either of the other two. 
Thus, a degree of Fahrenheit's scale is equal to | of one of Reaumur's and 
to f of a oentigrade'degree. In practice, the following rules will be found use- 
ful finr the conversion of the different thermometric degrees above freezing 
point, into each other. 

A. 3b eonoert a degree of Fahrenheit into its equwaknt on IUaumur*i tcale. 

Multiply the number of degrees above or below 32° by 4, and divide by 0. 
Ex. What is 185° F. equivalent on Reaumur's scale. 

(185^32 B 153) X 4 = 612, and 912 -^ 9 s 68 R. 

B. To convert a degree of Reatmur into Ue eqwvaJent on FahrenheWe eeak. 

Multiply the degree by 9, divide by 4, and add 32. Ex. What is 16 R. 
equivalent to on Fahrenheit's scale. 

(16 X » 144) -^ 4 SB 36, and 36 + 32 = 68 F. 

C. 3b eom>ert a degree of Fahrenheit into its centigrade equivalent. 

Multiply the number of degrees above or below 32° by 5, and divide by 9. 
ThuB, 213 F. are equal to 100 C. 

F. (312 — 32 aa 180) X 5 = 900, and 900 ^ 9 = 100 C. 

D. 3b eonoert a centigrade degree into one of Fahrenheit, 
Multiply by 9, divide by 5, and add 32. Thus, 100 C. bb 2 12 F . 
C. (100 X "> ^^) -f- 5 » 180, and 180 + 32 s 212 F. 
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784. An ingenious fbrm of thermometer founded 
upon the unequal expansion of two slips of metal 
soldered together by heat, has been occasionally em- 
ployed. This form of thermometer has been greatly 
improved by M. Breguet of Paris. His instrument 
consists of a delicate ribbon of platina soldered to 
one of silver, by a very thin layet of gold. Thi9 
compound bar is twisted into a spiral coil, one end 
of which is fixed to a support, the other carries a 
delicate gold needle as an index. As the two metals 
of which the coil is composed, expand very diffiu^ 
ently for equal increments of tempemture, it fol- 
lows that the helix of ribbon will uncoil, or become 
closer twisted, according to the temperature to whidi 
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it is Bobjeoted, fhe intensity of which will be indicated by the motion of the 
needle over a graduated arc. 

785. For the purpose of measuring degrees of temperature higher than that 
of boiling water or mercury, instruments termed pyrometers have been em- 
ployed. Of these the most celebrated was that contrived by Mr. Wedgewood ; 
it consisted of a series of perfectly similar cylinders of baked clay, and a 
graduated scale to allow of their accurate measurement One of these cylin- 
ders was then exposed to the temperature to be measured ; in proportion as 
it became heated it contracted in bulk, and this contraction measured when 
the cylinder had cooled, became an indication of the temperature to which it 
had been subjected. In addition to other sources of error, the fact that pieces 
of day would undergo the same amount of contraction by a moderate heat 
long continued, as by an exposure for a short time to an intense heat, becomes 
an insuperable objection to the indications of this instrument being depended 
upon. 

786. The most trustworthy pyrometer hitherto invented is undoubtedly that 
of Prof. DanielL It consists essentially of a slender bar of platinum or 
hammered iron, whose linear expansion, when heated in a tube of black-lead, 
is measured by means of a little piece of porcelain resting upon the top of 
the bar, which in the act of expanding pushes it forward. When the appa- 
ratos has cooled, the displacement of the porcelain index becomes a measure 
of the expansion of the bar, and consequently of the temperature to which 
it has been exposed. The amount of displacement is measured by means of 
a delicately graduated scale furnished with a nonius. 

787. From the researches of Dulong and Petit, it appears that the expan- 
sion of fluids, although regular up to 212^, increases in proportion as the heat 
rises above that temperature, as compared with the expansion of air. Hence 
itie indications of an air and mercurial thermometer, although equal up to 
212^, diflfer materially above that point; thus, the temperature of 586^ on the 
mercurial would correspond to 572° on an air thermometer. 

788. Every one is familiar with the fact that beat is conducted by different 
bodies with Yery diiSerent degrees of facility. Thus, a small piece of char- 
coal may be held by one end in the hand whilst the other is red-hot; and a 
piece of iron of the same size would, under similar circumstances, convey so 
much heat to the hand as to render holding it for any length of time abso- 
lutely painfuL Among bodies of the same class, as metals, the same differ- 
ence obtains : thus, a piece of platinum can easily be held in the hand whilst 
one end is red-hot; and a piece of copper similarly circumstanced will 
speedily bum the fingers. 

Twist together one end of a piece of copper and platinum wire, each about 
six inches long. Place on each end 

a minute piece of phosphorus. Heat Fig. 362. 
the point of junction with the flame of 
a spirit-lamp, in a few seconds the phos- O ^1 ^ ==0 

Ciis fixed to the copper wire will 
into flame, whilst that on the pla- 
tSmim will be unafiected. 

789. The following general law of 
the propagation of heat by conduction 
has been determined : that if one end of a bar of metal be placed in connec- 
tiOD with a source of heat, it will be found that for distances measured from 
this point in arithmetical progression, the excess of temperature above the 
sonotinding medium will be in geometrical progression. MM. Dulong and 
Petit have also determined the law for the cooling of heated bodies, when 
they are placed in vacuo ; in this case it is found that the rapidity of cooling 

3l» 




3M TMSRMOTIO0* 

down to the temperature of the atmosphere decreaees in geemetrical, wlubt 
the temperature diminishes in arithmetical proportion. * 

790. The conducting power of bodies for heat differs very oonaderablf is 
diflferent substances ; and is generally materially diminished by breaking op 
solids into small portions; in this manner ignited coals can be easily canied 
iu the hand if protected by a layer of cinders or ashes. 

The conducting power of several substances is shown in the foUowing 
table by Despretz, in which gold is taken as the standard. 

Gold - - - - 1000 

Silver .... 973 

Copper .... 898 

Platinum • - - • 381 

Iron .... 374 

Zinc .... 363 

Tin - - . . 304 

Lead .... 180 

Marble .... 23*6 

Procelain ... - 12*2 

Fine clay - - - - 1 1*4 

791. Liquids conduct heat with great difficulty; on this account, if water be 

frozen at the bottom of a test tube and fresh water poured 
Fig. 363. upon it, the latter may be made to boil by holding a 

spirit-lamp near the upper part of the tube, and yet the 
ice will remain unmelted. If, however, the heat be ap- 
plied to the lower part of the tube, the ice will speedily 
melt, and the whole rapidly boil, not, however, from heat 
being conducted upwards, but from" the ascent of heated 
particles of water from the bottom of the tube, on account 
of their being specifically lighter than the colder portioa 
to which they thus communicate their heat (795), and 
thus the whole of the fluid becomes heated by the tend- 
ency to the production of an equilibrium of temperature between the par- 
ticles. 

792. Gases conduct heat even worse than liquids, a property frequently 
made use of to confine heat, as in the double door of furnaces, and in the dou- 
ble windows now so frequently used in houses ; the layers of air confined 
between them proving the best possible barrier to the escape of heat from the 
apartment It is on this account that the mere contact of very hot air can be 
endured by a person, whilst exposure to a fluid of the same temperature would 
produce intense pain. But if the heated air impinge upon the surface at a cuf' 
rentf then its contact will be intolerable, in consequence of the repeated ap- 
plication of fresh portions to the surface. The same remark applies to in- 
tensely cold air ; thus, in the Arctic regions men have been exposed to a degree 
of cold below that of freezing mercury without injury, so long as the air is 
calm, but upon the slightest wind occurring, the repeated contact of fresh por- 
tions of cold air will carry ofl* so much heat as to freeze the extremities. 

793. A practical application of the badly conducting power of air is found 
in the various articles of dress, which are generally warmer in proportion to 
the quantity of air entangled in the interstices of the material of which they 
are composed. Count Rumford suspended a thermometer in a glass tube, and 
prevented contact between it and the bulb of the thermometer by the inter- 
position of the substance whose conducting power he wished to determine. 
The whole was first plunged into boiling water, and then removed into melt- 
ing ice. The time required for the thermometer to cool from 190 F. to M-5 
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wu then noled in leooodia which thos became a oompaiatiye measure of the 
ooodnoting power of the bod jr. In this way he found that when air was alone 
intezpofled it required 576 seconds to cool down to 54-5. But when but* 
roanded with 



16 grains of 


' sewing silk, it 


required 817 seconds. 




fine lint 


- 1032 




cotton 


- 1046 




wool 


- 1118 




raw silk 


- l-iS4 




beaver's fur - 


- 1-296 




eider down - 


- 1305 




hare's fur 


- 1315 



We have a beautiful illustration of this property in the change of clothing of 
many animals, hair being in winter, and in the Arctic regions, replaced by 
wool, and feathers by down. 

794. The fact with which every one is familiar, that a piece of iron or 
marble always feels colder than wood, flannel, or fur, similarly exposed, is 
explained by their different conducting powers. Thus, iron being a good 
conductor, rapidly attracts heat from the hand, and hence feels cold, whilst a 
piece of fur or woolen cloth, being a bad conductor, does not remove heat so 
rapidly, and thus feels comparatively M-arm. That the temperature of these 
bodies is really the same is proved by examining tlicm with a thermometer ; 
as all bodies exposed for a sufficient time to the same atmosphere rapidly ac- 
quire the same temperature. 

795. As all bodies whose [mrticles possess ready mobility on each other, as 
fluids or gases, are such bad conductors of heat ; it is obvious that when heat 
is applied to one part of a vessel containing them, its communication to other 
portions of fluid must depend upon a process distinct from conduction. This 
has been illustrated by the case of fluid heated in a tube (79*2), when the dif- 
fusion of heat depends upon the ascent of heated particle?, a process conve- 
niently termed convection. When air is heated it ascends, because it becomes 
specifically lighter than the surrounding medium, and not in consequence of 
heat having a " tendency to ascend." This is the rationale of the balloon con- 
trived by Montgolfier, M'hich consistecl of a large air-tight bag, having its open 
mouth downwards ; beneatli this a fire was maintained in the car, which, 
rarefying the air in the bag, rendered the whole specifically lighter than the 
surrounding mediurn, and it ccinsequently ascended. The heated air at the 
equator thus ascends and travels towards the poles, whence an under-current 
of cold air passes to the tropical regions of the earth. 

796. As heat is diffused through fluids by the process of convection, it fol- 
lows that whatever diminishes, or interferes witli, the motion of the mole- 
cules of fluid, will prevent the rapid communication of heat from one part of 
the liquid to tlie other. On this account viscid fluids, as water to which starch 
has been added, require a longer time to boil than pure water; and conse- 
quently a longer time to cool. 

797. Bodies do not appear to have all the same capacity for heat, as, 
indeed, has been shown from the differences that exist in the rates of cooling 
of different substances (793) ; thus, water requires more tlian twice as much 
heat to raise it to a given temperature, as an equal weight of mercury; hence 
water is said to have a greater capacity for heat than mercury. All bodies 
thus possess a property denominated their specific hecU^ indicating the compa- 
rative amount of heat required to raise thcni to a given temperature. 

798. If equal quantities of the same liquid nt different temperatures are 
mixed, the temperature of the mixture will be the mean of the two. Thus 



r. 



TKEBMOTtCS. 



a pound of mter at 60° mixed with the mma ituantiiir at S]S° will, when 
mliediPOaMu a (einpeniIureori36° But iTeqaal weigbta nrdiderenifluiJB 
b« mixed, the temlUng Wmperauire of tfae miitme will nol bs ihe mean of 
tbe tvra. A pound ormercuty at 40", miiod with the samequantiiy of water 
at 156°, will pnxliioe a lempcislurp of iaa'3'. Thui, whilst the lerapeta- 
Itue of Ihe water ii only depreucd 3-7'°, enough heal must have been evolved 
to raiae tbu lemperalure of ihe fluid metal 1133°. Then if the cspacitjr of 
water Ibr beat be aaaumed as Ihe stanilaid, that of mercury will be but 0033 
for 3-7: 1133 ::CK>33: 1. A bar oroopper weighing a pound, if healed to the 
temperature of 300°, and immoraed in a pound of water at 50°, will give up 
ils etceaa of heal to Ihe water, ntid both will acquire a letnperalure of 72°. 
The oopper has oonMquently lost 2-28°, and the water gained 22°, and as 22 : 
S3S:: 1 :U-O0S^8peci(Ic heat of copper. The specific heat of bodies may 
alM be calculated by observing their comparative rates of cooling from a 
giiren lempeniiute ; or by observing how much ice is melted, or water heated 
by allowing the body to ttnX in a vessel surrounded by eitlier of these bodies. 
7W0. Il 19 a curious ftct, established by Dulong and Pent, that the specific 
eapeoity of bodies increases as their temperature rises, so that it requires less 
* n bwly of the lemperaBire of tOO" lo 105°, than to taist 



heated to 300° to 203°, although in eilh( 
penmire are indicated by the thermomet 
at 3-1° being tenned 1-00, that of water i 
Tha following table gives the specific 
tbe late aociuaie experiments of Regnaull 

Water 

AlcolioL 

Eilier 

Nilrio acid - 

Sulphuric Bci 

Sulphur 

Phosphonui 

Iron 

Nickel 



case but equal increments of tem- 
. Thus, Ihe apeciBc heatof water 
2ia°wyibe 1-010°. 
heal of several bodies, chieRy from 
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800 There eiibH,8t1casCinnumBr 
tbe atomic weight of a body aod its i 
be divkled hy the number nxpressini 
Ihe quotient in each case wilt very ni 
body. In the same way the quotion 
weight, and one-half their weight ii 
silver. In compound U>die^ Blihoogl 
single ratio crfnnins; tiius, in the case 
is 10-4. 
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w», a simple relation between 
at. Thus, if Ihe number 31 
IB specific heat of lead, tin, ot zinc, 
y represent the atomic weight of the 
om carbon will be double its atomic 
le i:aBB of iodine, phosphorus, auJ 
le number to be divided alters, yet a 
JWing carbon ale a tbe number 
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10-4 
Spec, heat 


True atomic 
weight. 


Gaibooate lime . . 
• iron • . 
- zino . . 


0.2044 
0.1819 
0.1712 


60.9 
57-2 
60.7 


60-6 
58-1 
62-4 



801. The specific heat of gases has been very carefully examined by 
different philosophers. The process generally pursued has been to heat the 
gas to a given point, and observe how much it raised the temperature of 
water throngh which a purrept was led by means of a spiral tube. Another 
mbde has been coqtrived by Pr. Apjohn, and consists in vaporizing water by 
a current of the heated gases, when the latter will be. cooled with a rapidity 
inversely proportional to th^ir specific heats. .Still, . so much discrepancy 
exists in the results of different experimenters, that the subject must be re- 
garded as open to further examination. 



Atmospheric air 
Nitrogen . « 
Oxygen . . . 
Hydrogen . • 
Carbonic acid • 
oxide 



Nitrous oxide . 



Specific heat according to 



Apjohn. 



1-000 
1-048 
1-808 
1-459 
1-195 
0-996 
1193 



Delaroche. 


Dulong. 


1000 


1-000 


1-006 


1-000 


0-976 


1-006 


0-900 


1-300 


1-258 


1-172 


1-034 


1000 


1-350 


1-159 



802. As the mixture of equal quantities of water at different temperatures 
possesses the comparative of the mean (798), it follows that when a pound 
of water at 32^ is mixed with a pound at 172^, the mixture ought to be of the 
iemperature of 104^, and experiment proves that such is the case. But 
if a pound of ice or snow at 32° be added to the same quantity of water of 
173% the mixture will be found to possess a temperature of only 32°. It is, 
thereifore^ obvious that some law must exist regulating this apparent loss of 
140 degrees of heat, differing from that of specific capacity already explained. 
The heat that has disappeared must have been absorbed by the ice in passing 
from the solid to the liquid state, yet without increasing its thermometrio 
heat; hence the 140 degrees of heat must have become concealed or latent in 
the water, which might thus be called a compound of true water and calorio 
or heaL 

803. If a vessel of water be exposed to a fVeczing temperature, a ther- 
mometer immersed in it will gradually fall to 32°; if the water begins to ' 
solidify, the thermometer will indicate no further depression of temperature 
nntil die whole quantity is converted into ice, yet it must, during the entire 
process, be evolving that latent heat which, when in the form of water, pre- 
served it in the liquid state. If, then, the ice be placed in warm water, it 
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wiU absoib best ftom it, oansing it to become Ifttent, therein ttnnmkv te 
form of water, whilrt, as belbre shown (802), the temperature of the leaiittil 
mixture will not exceed 32®, the original temperature of the ice. Xheie d» 
ooveries we owe to the researches of Dr. Black. 

804. The comparative quantity of heat rendered latent during the lkpM> 
fiustion of bodies has not been very accurately determined for more than a 
few. The following table shows the results of some experiments on tha 
latent heat of some substances. The first column of figures shows the inter- 
val of temperature through which the body, when liquid, would be heated hjr 
the amount of heat absorbed in the act of melting. The second column ahowi 
the degree of temperature which that amount of beat would oommonicate 
to a certain quantity of water: 

Latent heat. 
Water . . . liO* . . . 140^ 



Sulphur 

Zinc 

Bismuth 



143-7 . . . 27-14 
494-0 . . . 48-3 
650O . . . 23-25 



805. The remarkable absorption of heat produced by the liquefactioQ of 
solids, enables us to produce extreme degrees of cold at pleasure. Thos, if a 
quantity of nitrate of potass be stirred into a quantity of water, it produces 
an intense degree of cold in consequence of its absorbing a large amount of 
heat, which becomes latent in the solution. A mixture of snow and commoa 
salt rapidly liquefies, and absorbs as much heat during the process as to for* 
nish us with a very available mode of producing low temperatures. If chkh 
ride of calcium be substituted for the salt, so great a depression of tempera* 
ture is produced that mercury may thus be readily reduced to the solid state. 

806. The evolution of latent heat in a sensible form occurs whenever a 
fluid becomes solidified. This may be shown by pouring a boiling saturated 
solution of sulphate of soda into a flask, and securing the mouth by tying 
over it a fold of moistened bladder. When cold, the solution will retain its 
liquid state without presenting any appearance of crystallization, until a hole 
is made in die bladder, when in an instant crystals will begin to shoot, the 
fluid will become nearly solid, and so much of die latent heat will be evolved 
that the vessel will feel sensibly hot to the hand. 

807. Whenever fluids assume the gaseous state, an analogous conversion of 
sensible into latent heat occurs. Thiis, if water be exposed to heat in an 
open vessel, it will on attaining 212® boil, and evolve considerable volumes 
of a gaseous vapor or steam, but during the whole time the ebullition con- 
tinues, although receiving fresh heat every instant, neither the temperature 
of the water nc^ of the steam will ever exceed 212®. The enormous quandty 
of heat thus absorbed by the steam and becoming latent in it, may be ren- 
dered sensible by causing it to traverse a curved tube immersed in cold water. 
The steam in condensing will give up its latent heat to the water as sensible 
heat, and its increase Of temperature will become an index of the quantity of 
heat latent in steam. 

808. If steam be conducted for a certain time into eight ounces of water 
until its temperatere is raised from 60® to 188®, and the whole when mea- 
sured be found to be nine ounces, it is obvious that the latent heat of the vapor 
of an ounce of water has been able to raise the temperature of eight ounces 
from 60® to 188®, or 128®. But as there were eight ounces, the whole heat 
when contained in the vapor of one ounce was equal to 123 X 8 as 1024^. 
This must not be regarded as all latent heat ; for. the steam while condensing 
should have formed water of 212®, whilst the temperature of the whole was 
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•rijr 186®; henoe, as 212 ** 188 bb 24, we nrast, to get the trne proportkn, 
dedoot this ftom 1024, aod 1024 — 24 s 1000, which is assumed as the 
iiieawue of the hrtent heat of steam. It is the enormoas quantitj of heat 
ifaiii l&tent in, or combined with steam, that renders it so important as a heat- 
ing agenti One galloa of water oonyerted into steam will contain sufficient 
lieat to raise 5^ gallons fiom 32^ to 212°. No other vapor, even presuming 
tfaej ware as readily procured as steam, would be so efficient as heating 
agenta, in eonsequenoe of tfieir containing a smaller qnanti^ of combined or 
latent heat Tlie following table contains the numbers representing the 
latsmt heat of a few rapors: 

Vapor of water 1000* 

alcohol ------ 457* 

ether 312-9 

oil of turpentine - - - - 183*8 

nitric acid 550* 

809. The expansion in bulk of fluids on assuming the state of vapor, 
generally decreases with the latent heat of the latter. Thus, a cubic inch of 
water is converted nearly into a cubic foot of steam. 

1 cubic foot of water becomes 1G89* cubic feet of vapor, 
alcohol - - 493-6 
- . - ether - - 212-18 - - - 

810. The temperature at which fltiid bodies assume the form of solids, 
diflers materially in different substances ; this temperature is known as the 
congealing point of the body, and for the following bodies varies as is shown. 
Sq ib» subjoined table. 

Ether ,- — . 46° F. 

Mercury - - - - - - - — 39 

Water + 32 

Olive oil 36 

Acetic acid ------ 60 

Wax 149 

Sulphur 218 

811. The temperature of the ebullition of fluids is subjected to great 
changes, according to the pressure to which they are subjected, and is not a 
fixed point like that of congelation. Fluids enter into ebullition much more 
xapidly if the pressures to which they are subjected are diminished. The 
following table contains the boiling points of a few liquids at a mean baro- 
metrio pressure (186) of 30 inches. 

Ether 100«> F. 

Alcohol 173-5 

Nitric acid 210- 

Water 212- 

Sulphuric acid - 600* 

Mercury 665- 

The material of which the evaporating vessel is composed, makes a marked 
^iference in the boiling point of many fluids, especially if they are capable 
of fiMNsibly adhering to its surface; thus, water will boil at 212° in a metallic, 
and at 214° in a porcelain vessel. 

812. There is a very remarkable fact connected with the evaporation of 
ftdds which has attracted much attention. If a few drops of water are 
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alkywed lo (all into a melallio cup, as a platinum cnicible heated aTiofe Av 
bciling point of water, the rapidity of evaporatioQ will decrease with the in- 
oiease of temperature of the yessel above 212^. If the Gmcible be led^KNr 
and the drops of water be watched, they will be observed to assume the film 
of sphericles rolling about the vessel, and on the temperature <rf* the tatter 
falling, they will be suddenly dissipated with a sort of exploeioii. The eran 
of this curious phenomenon seems to be that at an elevated temperature lepil* 
sion occurs between the vessel and the water, by which the drops of the in* 
ter are made to assume a spherical form, and do not come in contact with ths 
vessel, being separated from it by a film of perfectly dry steam. As the tsm- 
perature lowers, this repulsion lessens, and, at a certain point, the water loses 
its spherical state, comeS in contact with 'the Vessel, and is instantly dissipated. 
It is remarkable that water in this spherical condition has a temperature of 
about seven degrees below the boiling point, although actually rolling over a 
red-hot sur&ce. 

813. Ether is capable of assuming a similar spherical state, and is thos 
actually repelled by a red hot metallic surface. Iodine, w^hen thrown on an 
ignited platinum crucible, melts, and forms a spheroidal mass like a btodt 
fluid, rolling over the surface of the vessel, and giving off but a very small 
quantity of vapor. In this state the liquid iodine does not come in actnal 
contact with the platinum. On allowing the crucible to cool, contact oocois, 
and a sudden evolution of iodine vapor occurs. 

814. M. Boutigny, to whom we are indebted for these curious &cts,8D0- 
ceeded in freezing water in a red-hot crucible, by availing himself of this 
spheroidal state. He made a platinum crucible nearly red*hot, and poorsd 
into it anhydrous sulphurous acid, and afterwards an equal bulk of water. 
The rapid evaporation of the acid caused the conversion of the water into a 
mass of ice, which could then be removed from the still ignited crucible. Dr. 
Faraday placed in an ignited crucible solid carbonic acid and ether, aAerwards 
pouring in mercury; the latter was frozen in the red-hot vessel. In both the^e 
experiments a thin layer of badly conducting vapor kept the freezing bodies 
from contact with the red-hot crucibles. 

816. If all atmospheric pressure be removed, water will begin to boil at a 
temperature approaching that of melting ice; On this property, the elegant 
mode of freezing water by its own evaporation contrived by Sir John L^lie 
depends. Let a porous, earthen, shallow vessel be filled with water, and 
suspended over a saucer filled with sulphuric acid, under the receiver of an 
air-pump. On exhausting the air, a portion of the water robs the other of its 
heat to become converted into vapor, which is instantly absorbed by the acid. 
Fresh evai>oration then goes on, and at last all the heat contained in the water 
above 32 is removed, and the portion left in the porous vessel is converted 
into ice. As the only use of the acid is to remove the vapor as soon as 
evolved, and thus restore the vaciram, any porous body capable of absorbing 
water, as fresh dried oatmeal, &c., may on the large scale be substituted for it 

816. Water may be readily frozen in the air-pump vacuum, by the eva- 
poration of ether. Let a test-tube be partly filled with ether and immersed 
in a much wider one, the interspaces being filled up with water. On ex- 
hausting the air, the ether will rapidly boil and rob the water of its heat so 
rapidly, that in a few minutes the tubes will be found to be tightly frozen to- 
gether. In an ordinary air-pump vacuum- 
Ether will boil at . , . , 38*» F. 

Alcohol 49 

Water 88 
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Gbnvenel/, bjr incnuing the pressare to which fluids are suhjected, their 
boUinff points are raised. Of this, the well-known Papin's digester affords an 
enumple : in this contrivance water is submitted to heat in an air-tight vessel ; 
it thus becomes exposed to the influence of an increasing pressure of its own 
lapor, and its boiling point becomes raised. 

817. As might be expected fiom the dependence of the point of ebullition 
upon barometric pressure, it has been found that fluids boil at a lower tem- 
perature in elevated portions than at the level of the sea. Thus, Saussure 
ibund that on the summit of Mont Blanc, water boiled at 187° F. It has, in- 
deed, been proposed to measure the elevation of mountains by ascertaining 
the temperature at which water boiled on their summits, and an instrument 
was oontrived for the purpose by Archdeacon Wollaston. It has been found 
that the boiling point of water falls 1° F. for every ascent of 530 feet, equal 
to a difference of 0-589 inches in barometric pressure. 

818. The production of ice by the evaporation of water (815), is well 
shown in an elegant contrivance of Dr. Wollaston, which he termed the cryo- 
phoms or fros^bearer : it consists of a tube bent twice at right angles, and 
furnished with a bulb at each end. Enough water to half fill one of the bulbs 
is introduced, and aAer being made to boil violently for a few minutes, the 
apparatus is hermetically sealed. Thus, it 
contains a quantity of water confined in Fig. 364. 
vacuo, or rather in an atmosphere of aque- 
ous vapor. If the empty bulb be placed in 
a ficeezing mixture, the vapor will be con- 
densed, and a vacuum being thus restored, 
part of the water in the other bulb will be 

evaporated, and will distil into the cooled bulb, leaving the rest of the water 
ooDverted into ice. 

819. Although at ordinary pressures water boils at 2 12°, yet slow evapora- 
tion will go on from its surface at any temperature, even below freezing 
point. The vapor thus evolved mixes with, and is, as it were, dissolved by 
the air, which consequently is never absolutely dry, but always contains a 
oertun portion of aqueous vapor. If an excess of aqueous vapor be evolved 
and mixed with the air, the latter will hold in solution, or at least in a state 
of intimate mixture, a quantity varying with the temperature. The warmer 
the air, the greater, cateris parilnuj the proportion of watery vapor it can hold 
in solution. 

820. When the air is saturated with moisture, the elasticity of the watery 
vapor is at a maximum for a given temperature. The figures in the follow- 
ing table express the elasticity of watery vapor at different temperatures, in 
fractions of inches of mercury it is capable of supjporting. 

32 
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OWfe 9f EkutU Force of Qaaum vapor at diffareHt Ttrnpiraharm, (JMm.) 



Temp. 


Force of 
vapor. 


Temp. 


Force of 
vapor. 


Temp. 


Force of 
vapor. 


Temp. 


Force of 
vapor. 


1 

• 


32« 


0-200 


49 


0-363 


66 


0-635 


83 


1-10 


33 


0-207 


50 


0-378 


67 


0655 


84 


1-14 




34 


0-214 


51 


0-388 


68 


0-676 


85 


117 




35 


0-221 


52 


0401 


69 


0-698 


86 


1-21 




36 


0-229 


53 


0-415 


70 


0-721 


87 


1-24 




37 


0-237 


54 


0-429 


71 


0-745 


88 


1-28 




38 


0-245 


55 


0-443 


72 


0-770 


89 


1-32 




39 


0-254 


56 


0-458 


73 


0-796 


90 


1-36 




40 


0-263 


57 


0-474 


74 


0823 


91 


1-40 




41 


0-273 


58 


0490 


75 


0-851 


92 


144 




42 


0-283 


59 


0-507 


76 


0-880 


93 


1-48 




43 


0.294 


60 


0-524 


77 


0-910 


94 


1-53 




44 


0-305 


61 


0-542 


78 


0-940 


95 


1-58 




45 


0-316 


62 


0-560 


79 


0-971 


96 


1-63 




46 


0*328 


63 


0-578 


80 


1-00 


97 


1-68 




47 


0-339 


64 


0-597 


81 


104 


98 


1-74 




48 


0-351 


65 


0-616 


.82 


1-07 


99 


1-80 





821. It is oAen of importance to ascertain the quantity of watery TBpa 
present in the air, and for this purpose various instruments termed hygro- 
meters have been constructed. These instruments depend for their actioD 
either upon the expansion of some body capable of being readily affected bf 
moisture, as hair, whalebone, catgut, &c. ; or upon a thermometric anange- 
ment by which the temperature at which the vapor begins to be separated 
iiom the air as dew, can be determined. Of these the first class are seldom 
worthy of confidence, as being incapable of affording correct results. The 
•eoond class of instruments are now solely employed. 

822. The simplest mode of determining the amount of watery vapor in the 
air is to carefully cool (by dropping ether upon the lower psurt of it), the bulb 
of a good thermometer, and watching the instant that a ring of dew appms 
upon its upper part The temperature as indicated by the thermometer should 
be then carefully noticed, as it constitutes what is termed the dew-pohU, or tbe 
temperature at which the atmosphere would be saturated by the quantity of 
watery vapor present in the air at the time of the observation. By reference 
to tables given in works on meteorology, the mere knowledge of the dew-point, 
enables us to ascertain the absolute quantity of moisture present in the air, 
and resolve many other questions connected with the state of the watery vapor 
in the atmosphere. 

823. The elegant hydrometer of Prof. Daniell, constructed on this principle 
enables us to observe the dew-point with greater facility than any other the^ 
mometric arrangement; although witli care, it may with tolerable aocunM^ 
be determined by a sensible thermometer in the manner above described. 
As an example ; the thermometer being at 78°, it is found, by cooling the bolb^ 
that a ring of dew is deposited when the mercury falls to 40°. On referring 
to the last table, we find the elasticity of the vapor of water at that tempera- 
ture is capable of supporting the pressure of 263 inches of mercury, and tbe 
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degree of dryness may be expressed in thermotic degrees as 380, for 780 — 40 
^ 38. A nKNre accurate mode of expressing the moisture of the air is by 
■Muming as a standard of 1000, the point of saturation of the air at that tem* 
peiature of the air. Thus, in the last example, the proportion of moisture in 
die air is to the quantity present if saturated, as 280 is to 1000; for 

Elasticity of vapor at 78° Elasticity at 40° 
0-940 : 0-263 : : 1000 : 280. 

834. Another form of hygrometer is founded upon tlie fact of evaporation 
taking place with greater rapidity in dry than in moist air. This is known as 
die " wet-bulb hygrometer," and consists of two delicate mercurial thermo- 
meters placed side by side, the bulb of one being covered with a piece of 
white silk. The coated bulb is kept constantly wet by allowing water to drop 
slowly upon it, whilst the other is dry.* The evaporation of water from the 
wet bulb produces a depression in the column of mercury in the thermometer, 
and when this has attained its maximum, the degree at which the mercury 
stands in both thermometers should be noticed. The elasticity of the vapor 
at the dew-point is thus calculated by the following formula of Dr. Apjohn : 

d p 

•^ -^ 88 ^ 30 

In this formula, /^^ denotes the elasticity of watery vapor at the dew-point. 

f^ s=5 elasticity of vapor at the temperature of the air (700). 

d as depression of mercury in the wet-bulb thermometer. 

88 ss a oo-efficient dependent upon the specific heat of the air and the la- 
tent beat of vapor. 

p as the pressure of the air at the time of the observation as shown by 
a barometer. 

30 ^ mean barometric pressure. 

825. The chemical agency of heat is of the highest importance, as with- 
out its aid a very large proportion of the results of modern chemical inves- 
tigatioDs must have been for ever concealed from us: the student will find 
this matter treated of in all works on chemistry. But there is a peculiar action 
of heat which has not yet been sufficiently investigated, connected with its 
power of producing chemical decomposition ; one result of this action will 
occupy our attention in another place (chap, xxx.) 

826. Mr. Grove has, in a late very important contribution to the Royal So- 
GUty, shown that at a' considerable elevation 

of temperature, the compound gases or Fig. 365. 

Tapors are resolved into their constituents, B 

as if the repulsive power of heat had been 
sufficient^ not only to sepeurate molecule 
firom molecule, but even to rend their con- 
•tituents from each other. He found tliat 
an intensely ignited piece of platinuni, iri- 
dium, or silica, plunged into water, decom- 
posed the evolved steam into oxygen and 
hydzogen. The best mode of showing this 

beautiful fact is by bendmg a tube into the shape abk having a platinum wire, 
10, soldered with its bulb. The whole is filled with water and allowed to 
rest in a vessel of water. On connecting zc with a battery of two nitric acid 

• To the elaborate little work of Mr. Glaisher, of the Royal Observatory, on the Dry 
■ad Woi-balb Thermometers, I would refer the student for every possible mformatioa 
eooneeied with this subject. 
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06Dt (409), the water in the bulb will soon boil; it will become filled with 
flieam, and the wire traversing it becoming red-hot, will decompose the steam 
into oxygen and hydrogen, minute bubbles of which will rise through the 
water. 
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Badiant heai, 827. Reflected to a focut, 829. Proportion reflected by differed 
bodiet, 831. Lawof dirmnution, 832. Seat of radiation, 833. LeMt expert 
ments, 834. Connection of coding and rathating powere, 835. jibmrptiM, 
836. Terregtrial heat, ^38. I>ew and hoarfroet, 839. Mdter't figvnt, 840. 
Thermograpky,S4^, JHathermaney, S44, Thermo-multipHer, S46. TaHtef 
diathermanout bodiee, 846. Properties of rock-salt, 847. Eff^ecU of sertem^ 
848. JRefiraction of heat through lenses, S49 — through prisms, S50, Befitmgy 
biHty of heat, 851. Separation of light and heat, S62, Polarization of kedr' 
by tourmalines, 853 — by mica, 854. Preparation of mica plates, 855. Midi 
xation by refraction and reflection, 856. Depolarization of heat, 857. CSradsr 
polarizatum, 859 — by refrcution, S60 — by internal reflection, 861. 

827. Iir the preceding chapter, the general properties of heat, in combinft> 
tion with matter, or rather of heated bodies, have been discussed. We have 
now to regard this agent as independent of ponderable matter, moving through 
space like light, and when unaccompanied by the latter, invisibly. 

828. Every one, when standing near a fire, must be aware that he feels a 
sensation of warmth, and consequently, that if actual heat does not pass from 
the fire to him, that some cause, perhaps some undulating motion, must ema- 
nate from it, and which, on reaching his surface, excites the sensation of heat 
In the following account of the properties of radiant heat, it must be recollected 
that the latter word is generally used to express the efiects of those undulating 
movements of ether which excite the sensation of heat, and not as referring 
to any form of matter. In this view, also, a ray of heat must have a defini- 
tion analogous to that already given of a ray of li^ht (562). When a heated 
body is exposed in the air, or in a vacuum, it continues to evolve rays of heat, 
imtil it attains the temperature of the surrounding medium. These rays pass 
off'in straight lines, and obey the law of reflection precisely like light (566). 

829. If a heated body, as a red hot iron ball a (fig. 366), be placed in the focus 
of a concave metallic mirror b, its radiant heat will pass from it to the minor, 
and be reflected from it in parallel rays (572). These, if collected fay a aeoond 
mirror c, placed ten or twelve feet from the first, can be easily brought to a 
focus, and the bulb of a delicate thermometer d placed near the latter, will 
be immediately acted upon by the reflected heat, the fluid falling in the tnba 
In tliis manner phosphorus or gunpowder may be easily inflamed at a con* 
•iderable distance from the source of heat, by concentrating the calorific laysi hf 
means of a metallic concave mirror. 
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Fig. 366. 




830. If a mass of ice be substituted for the hot ball, the thermometer in the 
tocus of the second mirror will indicate a depression of temperature. This 
has been erroneously assumed as an illustration of the reflection of cold rays, 
which in fact have no existence; cold being merely the diminution or absence 
of beat. In this arrangement of the experiment, the ball of the thermometer 
being warmer than the ice, plays the same part as the red-hot iron did (829) ; 
it gives up its heat, which is reflected by the mirror in whose focus it is 
plaoed, and reaching the ice, becomes latent (802), in its assisting to convert 
it ioto flaid water. 

831. Reflection of heat takes place from the surface of bodies, and, in 
genemU the more highly polished these are, the more readily do they reflect 
light If 100 rays of heat be incident, at an angle of 60° from the perpendi- 
ealar, on reflecting surfaces of the following bodies, the proportion of heat re* 
fleoied will be represented by the figures in the subjoined table. 



Polished gold 

— — silver 

■ brass • 

Unpolished brass - 
Polished brass varnished - 
Glass plate blackened at the back 
Looking-glass 
Metal plate blackened 



76 
62 
62 
52 
41 
12 
20 
6 



832. If heat undergoes reflection immediately from the surfboe of good re- 
Hectors, it scarcely seems to be aflected by the space it may happen to trfr> 
verse, except in being slightly diminished in quantity by the absorbing power 
of the medium through which it passes. If, however, heat be communicated 
to a body, and radiate from its surface, it then, if examined at difierent di»- 
tinoes from the radiant body, will be found to decrease as the squares of the 
distance, like light. 

833. Radiation, or the power of throwing off the heat communicated to a 
body, does not take place absolutely from the surface, but at a minute distance 
beneath it. On tliis account tlie state of the surface of the radiating body ma- 
terially afiects iu radiant power, probably (Vom its interfering with, or fiioili- 
lating the escape of heat from a point immediately beneath it. The general 
laws of caloriflc radiation have been most amply investigated by Sir John 



Leslie, and we are indebted to him ibr most of the knowledge we 
this subject 

834. The radiant power of bodies is conYenient)/ examined bj repkwng 
the hot ball in the focus of one of the concave mirrors (829) by a cubic gbidI' 
ter of tin filled with hot water. The angles of this canister should be pro- 
Tided with grooves, so that plates of the body whose radiant powers are under 
examination can be slipped in. Or the sides may be painted with difierett 
substances, as lamp-black, white lead, &c^ if the radiant powers of soch bodiea 
•re to be determined. In every case, that side of the canister which is oo* 
Tered with the body to be examined, must be turned towards the surfiue of 
the mirror in whose focus it is placed. The indications of the thermometa 
placed in the focus of tbe second mirror, become a measure of the radisiit 
power of the substance under examination. Tbe radiating power of lamp- 
black is the most considerable of all bodies, and is assumed as the standard 
of comparison with others in the following table: 

Lamp*black • - - - 100 

Writing-paper - - - - 98 

Crown-glass - . - - 90 

Ice - - ... 85 

Red lead - - - - - 80 

Plumbago ----- 7^ 

Tarnished lead .... 45 

Clean lead . . - - - 19 

Polished iron • - • • 15 

Other bright metals - - - 12 

As a general rule, for the same substances, the radiating power is dimiii' 
ished by even slightly compressing their surfaces, as by polishing, and in the 
case of metals is increased by tarnishing or oxidation. 

835. The rapidity of cooling of bodies depends greatly upon the radiating 
power of the substances of which they are composed. Leslie filled a polished 
tin globular vessel with hot water; it cooled down to a certain temperatuie, 
as indicated by a thermometer, in 1 56 minutes. On repeating the experiment 
after covering the vessel with a thin layer of lamp-black, it cooled down to 
the same point in 8 1 minutes. Thus the rapidity of cooling was nearly doubled 
by increasing the radiating power of the surface of the vessel. Count Rum- 
ford allowed hot water to cool in two pohshed brass cylinders, leaving one 
naked, and ooveiing the other with a fold of linen. In the former the water 
cooled 10 degrees in 55 minutes, whilst in the latter it lost the same amount 
of heat in 36^ minutes. The good radiating surface of the linen thus accele- 
rated the loss of heat For a similar reason, vegetable infusions, as tea, an 
best prepared in bright metallic vessels, as an earthen or black tea-pot radiates 
a large amount of heat. In heating rooms with tubes of hot-air or steam, their 
surfaces should be roughened or blackened, to facilitate the radiation of hest 
into the apartment; whilst that portion of the pipe employed to convey the 
source of heat into the room should be kept bright or polished, to prevent un- 
necessary los^l^ radiation. 

836. Bodi^ which possess a high radiating power, also, in general, are en- 
dowed with another property no less important, that ofabiorlkng heat ; and, as a 
general rule, whilst the best-mdiators are the worst reflectors, they are tbe 
best absorbers. When a body has thus absorbed heat, it again diffuses it by 
a secondary radiation. In the experiment of the two mirrors (829) it is 
:focuid that the metallic plates of which they are composed do not become 
MOsibly heated by the rays from the red-hot ball impinging upon them. But 
if ^aiv rejecting ppncave pur&ces were covered wit}i lamp-black, ^e |i4ngv 
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iDtbe ball would become hot from the absorption of heat, and acaicelj 
•iqr would leach the aecond mirror. The blackened suriace would, how- 
ereryOODtiDue to radiate the heat acquired from the ball until its temperature 
is reduced to that of the atmosphere. 

837. The color of a body appears to exert a considerable influence on its 
■fasorbiiig power, and the darker the tint the more readily does the body 
absorb heat. This is familiarly illustrated by Dr. Franklin's experiment of 
ptausing on the snrfiK» of snow several pieces of cloth of difierent colors. On 
examining them in a short time after, the snow will be found to have melted 
in "wetj difiierent proportions under the pieces of cloth, having melted in the 
greatest quantity under the darkest pieces, as shown by their having sunk 
to die greatest depths. 

838. The solid mass of our earth owes its warmth to what is termed Ur- 
rairial heat^ for which it is not indebted to the sun's rays, but to some internal 
cause. So fiur as researches have extended, it appears probable that the tem- 
perature of the earth increases one degree (Fahrenheit) for every 60 or 70 
feet we descend beneath its surface, so that at a depth of a few miles the 
mass of the earth must be actually red-hot A large proportion of the terres- 
trial heat is radiated into space, and hence the temperature of the air de- 
creases as we ascend to any elevation ; this diminution of heat is also one 
degree for every 290 feet above the level of the sea. From repeated obser- 
vations it appears that the mean or average temperature of any place oorre- 
qxmds to the heat of the earth examined 30 feet below its surface. The lines 
oonnecting all the places on the surface of the globe possessing the same tem- 
perature are called i$othermal Una, Such lines are not j^rallel to the equator 
as they ought to be if the temperature of the earth alone depended on solar 
ndiatioa, but they really form a series of irregular curves, which in Europe 
Jnoline most to the north. 

839. During the night the temperature of the air is always many degrees 
eoidbr than in the day. The earth, therefore, radiates into space a portion of 
dw heal it had absorbed in the day-time. Thus becoming cooled, a depo- 
fkaoa of the aqueous vapor of the air takes place upon its surface, and is 
lamiliariy known by the name of dew. This, in cold weather, freezes in the 
act of being deposited, and constitutes hoar frosty which is the ice of dew. 
The greatest quantity of dew is always finmd deposited on that portion of 
any tnrfhce which radiates best; hence a meadow will often be (bund covered, 
whilst the smooth road by its side is nearly free, in consequence of grass 
ndiating freely. If a polished plate of metal be exposed at night by the side 
of a piece of woolen cloth, the latter will, in the morning, be found covered 
with dew, whilst the badly radiating metal will be free. Deposition of dew 
may be readily prevented by opposing any obstacle to free radiation ; every 
gudener is aware that he can prevent the deposition of dew over a portion 
of ground, by merely supporting over it, by means of slips of wood, a thin 
eloth or handkerchief, which prevents the free radiation of heat from the 
iurftce thus protected. The demonstration of the real source of dew and 
hoar-frost we owe to the researches of Dr. Wells. 

840. The connection of the state of surface with a tendency to the depo- 
sition of vap(» is well shown in the curious phenomena discovered by Prof. 
Mfiser, and known as Moser's figures. To observe these, place a coin upon 
the snrfhce of a piece of looking-glass, or of common glass, having the faack 
eovered with tin-foil, and allow a few sparks to fall upon the coin from the 
prime conductor of an electrical machine. Quickly remove the coin, and 
gsntly breathe over the surface of the glass, when the outline of the impression 
on the coin will become beautifully defined upon the glass in drops of watery 
TBpur. If a series of plates are super-posed, and the coin placed upon the 
vpper ooe, and sparks allowed to fall upon it, the upper surface of each plate 



will prMent rfmiHir phenomena when breathed upon. Theae fignree tatcfhb 
rendered viBible, by ejipoeure to the vapor of iodine or mercury, quite as wall 
as by breathing upon them. Similar effects have been shown, by Mr. Hm, 
to result when a coin, gently heated, is allowed to rest on a plate of potidisd 
silver : on removing it and breathing on the plate, or exposing it to the vapor 
of mercury, the figure of the coin will be rendered beautifully visible. If a 
shilling be allowed to rest on a looking-glass for some time in the sun, and 
be then removed, a tolerably distinct outline of the coin will appear on gently 
breathing on the glass. 

841. The condition of surface of body on which the vapor is deposited 
(840) is owing to the radiation of heat from the coin or other body placed on 
it Founded on these curious states we have the art of Thermography, to 
which attention has been especially directed by Mr. Hunt. He found diat to 
obtain a good image, the superposed body must be composed of a different 
material from the plate on which it is placed. Thus, when a sovereign, a 
shilling, and a penny, are placed on a polished copper-plate, the latter gently 
warmed by passing the fiame of a spirit-lamp under it, then allowed to oool 
and the coins removed, beautiful pictures of the sovereign and shilling ap- 
pear on exposing the plate to the vapor of mercury, whilst a scarcely visible 
image of the penny will be obtained. 

842. Pieces of blue, red, and orange-colored glass, of whits^ crown, and 
flint-glass, mica, and paper, were placed on a plate of polished copper, and 
allowed to remain in close contact for half-an-hour. On removing them, and 
exposing the plate to the vapor of mercury, distinct images of the red, oma^ 
flint, crown-glass, and paper were obtained, whilst the blue glass and mica 
had scarcely made any irapre^ion. 

843. A plate of copper is amalgamated so as to present a brilliant reflecting 
surface by rubbing it with nitrate of mercury, a sheet of printed paper is 
placed on it with tlie letters downwards, and pressed in close contact by seve- 
ral folds of paper pressed by a weight. The whole should be allowed to 
rest on a warm surface. In half an hour the radiation of heat from the bladt 
letters will have produced a marked although as yet invisible effect on the 
surface. To render this obvious, the plate should be exposed to the vapor of 
mercury, which will adhere to those parts which corresponded to the white 
portion of the printed paper. It should next be exposed to the vapor of 
iodine, which will blacken the parts to whicli the mercurial vapor has not 
adhered, and a beautiful copy of the printed page will result 

844. Radiant heat becomes absorbed in jTart in traversing the most tran» 
parent media; it is supposed that the heat of the sun loses one-fifth of its 
intensity in traversing a column of air 6000 feet in length. It must not be, 
however, supposed, that those media which are the most transparent with 
regard to light, possess the same property with regard to heat Indeed, it has 
been satisfactorily proved, that a piece of smoke-quartz, so thick as to inte^ 
cept tlie passage of a considerable portion of light through it, yet allows the 
passage of rays of heat which are entirely checked by even thin plates of 
absolutely transparent alum or citric acid. Media which allow of the free 
passage of heat, are termed diathermanotu^ and those which have not this 
power are said to be atkermanous; the term diathermanous being to heat what 
diaphanous is with regard to light 

845. Heat, like light, is not only absorbed by certain media, but admits of 
single and double refraction, plane and circular polarization, — properties for 
the discovery of which science is almost exclusively indebted to the laborsof 
M. Macedoine Melloni, and of Professor Forbes of Edinburgh : the latter 
phitosopher is the discoverer of the plane and circular polarization of heat 
The application of a dehcate thermo-electric battery (619), in which an el«)- 
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trie current capable or being measured when circulaling throagb the coil of a 
Woll-conMTvoted multiplier (488, S14), is eicited hy very minute alteiationB 
or Wmperature, baa been tha main source of tbese ourioua discoveries, by 
enabtinx the philosopher to detect changes of tempeiBiure otherwise utterly 
imippreciable. The most complete apparatus of this kind is that nsed by 
Prof. Forbes [flg. 367). 

The ihermo^iBCtiic battery coodals -of about 36 delicate bars of bismuth 

Fig. 337. 




and antimony, alternately connected Ht their extremities, and sepataled 
laterally by foLiis of paper or other non-conductor; the whole is packed in ibe 
case A, and supported by a stnnd, so as to be movable in any direction. The 
bent wires c are connected with the terminal elements of ihe linle battery, 
and connection is thus readily made with a delicate multiplier D, wliose indi- 
cations are examined through a telescope i, so that in this manner deviations 
of the needles to the extent of a fraction of a degree are easily (d>ierved. 
The battery is so minute, thai the section of i presents an area of only 0.4 
inch. The rays of heat are frequenlly ccmcenlrated on the ihermo-electrio 
■pparalus by means of a conical metal reflector a, and so delicate is this 
apparatus, to which the term thermo-multiplier is conveniently applied, that 
the mere approach of the hand Inwards the mouth of ■, will excite a current 
capable of deviating the needle IVom its position through several degrees. 
When observations are made with this instrument, it is usual to interpose a 
■cieen of wood or pasteboard between thesource of healand the mouth of B, 
or extremity of the battery, if tlie tcficctor is not used, and to remove il at 
(be instant all is arraoged for observation. 

843. Diathermanous bodies differ much, not only in their power of trans- 
mining ladianl heal, but also in their facility of allowing heal liom different 
■Outcea to permeate them. In general, heat accompanied by light is capable 
oTpeaelraling most diathermanous me<Iia, whilst the rays of dart: heai, antiote 
emanating from a metal heated below redness, or from boiling water, are 
checked by many very transparent bodies. Solar heat again readily passes 
through glass, whilst the luminous heat of a bright firo is almost completely 
imperceptible by a plBleglass screen. The following table ptesenis the results 
oTMelloni's experiments on the power of plates of (he Ibllowing bodies 0*103 
U> transmit heat. 
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Name. 


Rays transmitted fh>m 100 issuing from the 
following sources of heat. 


Oil lamp. 


Red-hot pla 
tinum. 


Copper at 
732<» 


Copper at 
212^ 


Bock salt 

Fluoride calcium 

Iceland spar 

Plate-glass 

Borax 

Citric acid 

Alum 

Sugar candy 

Ice 


92 

78 

39 

39 

18 

11 

9 

8 

6 


93 

69 

28 

24 

12 

2 

2 






92 
42 
6 
6 
8 






93 
33 










847. Of the nine substances in the above table, five are permeable by dark 
and luminous heat, but in very difierent proportions; the other four are dia- 
tfaermanous to luminous heat alone. Of all bodies hitherto discovered, rock* 
salt transmits most of the incident rays of heat, hence it must be regarded as 
the true gUus of radiant heat The oil-lamp used in these experiments is a 
very steadily-burning one, with a square neck (Locatelli^s). The incandescent 
platinum consisted of a coil of wire of that metal ignited in the flame of a 
spirit-lamp, and the copper used as the other sources of heat was blackened. 
. 848. AAer the cak>rific rays have traversed a diathermanous body, thef 
appear to have undergone some physical change, for if again allowed to fell 
upon a second plate of the same body, a much larger proportion of them tm* 
, verse it It thus would appear, that in the act of passing through a medium, 
the rays are divided into two unequal portions, one of which is absorbed and 
the other transmitted ; and thus, sifted from the readily absorbable rays, the 
transmitted ones are better able to traverse a second portion of the same 
medium. From the last table we learn that but 9 per cent, of rays emanating 
from an oil-lamp are transmitted by a plate of alum, but if these transmitted 
rays be allowed to fall upon a second plate of this substance, 90 per cent 
will permeate it, and consequently but 10, instead of 91 per cent, be al> 
sorbed. On the other hand, Melloni found that a slice of a green tourtna- 
line transmitted 18 per cent of the calorific rays incident upon it, whilst it 
allowed but 1 per cent of heat which has passed through alum to traverse 
it, thus intercepting 99 per cent. The same slice of tourmaline, although thus 
nearly impervious to heat sifted through alum, yet freely transmitted 30 per 
cent of the rays which had previously passed through black glass. The 
cause of these physical changes is found in the unequal refrangibility of calo> 
rific rays (851). 

849. Calorific rays are capable of refraction through prisms and lenses Kke 
light In experiments of this kind, however, the reflecting medium must be 
composed of a substance capable of readily transmitting heat; and for this 
purpose rock-salt is almost the only substance that can be employed, the extra- 
ordinary facility with which it transmits more than 90 per cent of ioeideiit 
heat, rendering it to the latter what glass is to light 

If a convex lens be made of transparent rock-salt, it will with facility bring 
radiant heat, of even low intensity, to a focus. The heat from a vessel of 
boHing water can thus be brought to a focus by a salt lens, with as mtioh flu 
oility as luminous rays are by a lens of glass (593). The superior intensity 
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of dM eaknOo nji in ihe aolar be&niB allows them to pan ihtongli ordiinu]r 
oonrex leoaei of glau, and the coiiiinon bDrniDg-glaw aflbrtU an iiutaiice of 
wlar heat being biougbt lo a Tocus with the light. 

850. If best be incideiit in a rock^alt prism, it is Ilka light rsBolvsd iolo a 
Miiee of myi of unequal lefrangibilily (606), and an invisible calorific spec- 
tmin in the mult. The dispersion of the niya of heal ia, howevei, much 
lata than that of light under Bimilar circumstances. 

The rafntclion tbnni^ a prism may be readily abowa by the following ai- 
langemenc, in which the oaloiific lays, emanating from a veiuet of bailing 
water x, aAet passing through an opening in a. screen d, are incident on a 
nck^sUl prism a. These undergo refraction, which ia detected by the Ihei- 
mo-multipliei c; the inddeni raya being bent in their course by the action of 
the prism. 

Fig. 368. 




651. When calorific rays emanating from different sources are incident on 
the prisni in this apparatus, it is found that the angle of their incidence must 
be cdianged by moving Ibe source of heal lo gel the maximum action on the^ 
palvanometer ; or, what comes to the same thing, the position of the latter 
most be atightiy altered. The explanation of this ia readily found in the un- 
aqual iefiBng)t»tily of rays of beat. Thus Melloni found that the beat from 
It platinum wasre&acled more than that from a hot plate of black 



beat alW traversing screens of different bodies (S4S). Thus, rock- 
Mlt allows rays of all ref rang ibili ties to pass in equal proportions, a plate of 
•loin intercepla all, save the least refrangible rays, and, aa might be expected 
whan these rays are thus »t/l»rf from the others, Ihey can with greater feciUty 
traverse a second plate. Melloni covered a plate of rock-salt with soot, and 
fonnd that onlynys of the highest refrangibility could pass, becoming to heat, 
what violet-colored glass is lo light, and by combining with this a plate of 
aJmn, which refuses to transmit any bat the less refrangible rays, all heat 
waa absolutely stopped, the combination becoming absolulely athermanoaB or 
opaque lo heat. When a plate of alum is combined with one of green 
glass, the brilliant light of a lamp, or even of the sun, is readily transrailted, 
bnt Adr heal is a1xolute)y atopped. An experiment which shows very satia- 
ftcURily the independence of ligbl and heat. 

863. Bays of beat are capable of being polarized by processes analt^ons 
to thoas in which this iihyaical change is piodiKed in light (660). These 
phenomena were firat discovered by Fiof. Forbes. 
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ir m ray o( heol be tofracted ihroagh a very Ihin piale of b 
line, it emergen partly polarizod in one plane, the poiarizalion Ikiuk nhvhi au 
compleli? (U wben light is nimilnrly ireaud. If the emergent ray be incident 
npon a second Mmilor plale, it will tw partly absorbed, and [ho resi iraasmilled 
or ditpersed, according to Ihe position of the axis or the aeclion of tourmalins. 
When the axes of Ihe two plates are perallel, b considerable portion of the 
heat paues Ihe Mcond plat?, and may be meaBUred by the IhermO'inuttiplier. 
But if Ihe Biii or Ihe second plato be at right angles to that of the first, the 
gnmt majority of ibis heat will be stcqiped.and not reach the multiplier. By 
ooinparing the quantity of heat which reaches the maldpliet when the axes 
of Ihe plates are parallel ss compared with that which reaches it when ibey 
■ra crossed, the proportion of brat polarized by the first tourmaline tnay be 
ascertained. If one liundred rays from incaodeseent platinum reach the 
mohiplier, when the aies of the [QUimHline are parallel, 76 only pass when 
the axes are crossed, hence 34 are polarized. 

8A4. The moat salisrsciory evidence of polarization is obtained when pistes 
o( mica are used instead of tourmaline. These sliould be split eitiemely 
lhin,and a Slnishootd be igniteti for some lime in a dear fire. Bytheaoticsi 
of heat, Ihe film becomes split into innumerable lamitue, and then is capaUa 
of Bjcning an exceedingly powerful polariiing power on hejtt and light. 
These ife-niled films need never be more than jj,„ inch in diicknesi, and 
abould be placed in wooden or pastebooid tubes to allow of readily mantpn- 
Imting with them. 

855, The film of mica thus prepared should be placed either in the wooden 
tube, or on soles of thin wood, so thst die rays of lienl may be incident upon 
(iMm at an angle of al>out 34° to their surface. Wben heat is incident upon 
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one fllm placed as shown at a in the direolion c, a !at^ proportion of it 
emerges polaiined, and this will be cither transmitted or checked by a second 
inclined plate according lo its poaitioo. It will be transmilled if the plBtes are 
parallel, as at fig. 1, and checked if diey are crossed as in fig. a.jnstaa would 
happen (o light under similar circumstances. In this manner Ihe (bUowing 
proportjons of radiant heat item different sources may be polnrized ; 

Atgand lamp - . . . 83 per cent. 

Incandescent platinum - - - 7B 

Brass heated to 700° . . . es 

The heat from ditto iransmitlcd through glass 73 

Boiling water .... 49 

85G. Prof, Forbes succeeded in polarizing heat by refraction through thin 
inclined plates of roctsalt, juji aa light is by glass plates (673) ; whan heal 
was incident at 85° 10 the surface, ho ibund Ihat wilh tbree-plates one-sovenlh, 
and with sii one-half, of ihe inciiieut rays were polerized. 

When plates of split mica were a. 
an angle of 56° lo the perpeodicu la 
proportion : 



L From incandescent platinum 

I Brass at 7U0« 

I Argand lamp . ■ 



POLARIZAnOM or HEAT. 



fast lefolts are explained bjr the angle of incidence probably ap- 
pU M wlu ng nearer to the polarizing angle for heat radiating from red-hot plad* 
MMD than to that of heat from the two other sources, as Professor Forbes has 
in proving that heat of different refrangibilities is unequally polar- 



8d7. We have learnt that polarized light is prevented reaching the eye by 
eroaring the tourmalines (668) ; and, if reflecting plates are employed, by 
plaoiog the planes of reflection and polarization at right angles to each other 
(070). If a thin plate of mica or selenite be placed between the polarizing 
and analyzing plates, it causes the polarized ray to undergo a physical change, 
tBrmed dtpolarixaiion (685), by which its plane of polarization is altered, and 
it is enabled to undergo reflection and transmission, producing a brilliant dis- 
play ai complementary colors. Precisely analc^ous phenomena occur in the 
case of polarized heat, and are readily detected by the thermo-multiplier, as, 
of course, no visibU effects occur, as in the case of light 

858. The depolarizing effects of a thin film of mica are best observed, on 
aoooant of the great diathermancy of this substance. For this purpose, let 
die heat radiating from any source, as a coil of platinum wire ignited by the 
flune of a 8piri^lamp s, be polarized by refraction, through the inclined film 



Fig. 370. 
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of mica 1, in the manner befbre explained (855). These ray^ will be partly 
intercepted by the second mica plate b, so that but 21 per cent will reach 
the thermo-multiplier (d). Having observed the effect on the galvanometer, 
produced by these transmitted rays, place between a and b, a film of mica c, 
and if the neutral axis (685) of the film be inclined to the plane of polariza- 
tkm of the rays of heat, an increased effect will be observed on the multiplier. 
lliis arises from the plane of polarization of the heat refracted through ▲, 
being altered by the doubly refracting film of mica c, and thus a portion of 
the heat previously checked by b, becomes enabled to traverse it In four ex- 
periments, Professor Forbes found that the proportion of heat thus depolarized, 
when the neutral axis of the film was inclined 45^ to the plane of polarization, 
compared with that which reached the thermo-multiplier when it corresponded 
to that plane, was as 

126 : 100 120 : 100 120 : 100 113 : 100 

When the principal section of tlie mica c corresponded to the plane of polar- 
ization, no depolarizing efi*ect was exerted, precisely as in the case of light 
(685). 

859. l*he circular polarization of heat has been effected in two modes, — ^by 
Mftaction through an exceedingly thin film of mica, and by internal reflection 
through a piece of rock-salt cut in the shape of Fresnel's rhomb (713). A test 
of the circular polarization of light is found in the fact that if, whilst the po- 
larizing plates ▲ and b (855) are crossed, so that a minimum of heat reaches 
the therrno-multiplier, a body be interposed between them, if capable of con- 
verting the rectilinear into circular heat, will produce such a physical change 
in the calorific rays passing through b, that no great difference of effect shall 
be shown by the multiplier, in whatevier position the analyzing plate is placed. 
33 



of KewtoB's niisi (M3), and wbioh a> 

pamB poManaea Ofpn as vi wMny ov 

, was fcat cRipkiyeiL WhflB iatrodaoad beCarasa nit 

A and a (8^1), dns tUm p ro du eed soch a pfafrioil 

as to eanw it to nadi dw iliainKMnDltipiiaf m ussil/ 

the poiarinnK and au al j F xiug plates were panlM 

employvd as die soans fif 

oC cipcalaffly polariaed faf^ wUdi nav passsd tba aasqp^ 

the jataiwrii of the aoea flha, aaanatad tt> 40 p« aaaLfiT 

ifAandB(858) 
idtfaeilai 
ML A mf 

mrivad lugr Enostan rovlMS in ami 

orotouuiiccinalvl|iiicl7intenialieAeciioa(713). Forlliispaipoi% 

a rboadb of lock-ah having two nogles of 4d°, and of BoMtkdt 

of anf aftertwoimernalreflecciDnB. Ui 

F«. 37L. 





for the experiment is shown in die flgm 
s if the mnroe of heat, i and k are respecdTelj die pofauiziiiK sad 
aaaljzix^: mka pistes (855) placed in tnbes of wood, and m is die rhomb of 
It WB5 feund thst when ihe plane of reflection in m oorresponded, or 
lerpeodjmlar, to the plsne of polarization of the laj, it nnderwent no 
and either eoierfed ftooi, or was stopped faj k, aocoiding to its pan- 
Bat when die plane of intenni reflexion was inclined 45^ to dat flf 
it emeiiped linxn a, ciiGuJari j polarigfid, and nearly an e^al 
ptopofftkm of it passed duongh k, in whaterer angle its plates ibxmed widi 
the primitive plane of the raj. 
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CHAPTER XXX. 

PHOT06BAPHT. 

AEtkm of Kght on nher taUs, 862 — Colors devebped hy^ 864. Effects of the tpe€» 
trum^ 865. Copying engravings by photographic paper, 866. Photographic 
eamtra^ 868. Dagyerreotype, 869. Preparation of sensitive paper from salts 
of siiver, 871 — 874. Action of spectrum on, 875. Process for fixing, 876. 
Cyano-argentotype, SIT. Positive paper, 879. Excitation of latent pictures, 
880. Cahtype,^^\, Mr, Brookes paper, %%'i. Ferrotype, SS3, Cyanotype^ 
884. Chromotype, 886. Jbdhotype, 887. Parathermic rays, 888. 

862. The chemical influence exerted by the solar rays upon salts of silver 
have been already referred to (626). These phenomena have been within 
the last few years made the subject of careful study, and with so much soo 
cess that a property long supposed to be peculiar to a few argentine combina- 
tions has been shown to be of a much more general character. Tlie labors 
of Sir John Herschel have been among the most interesting and important in 
this inquiry, and this great philosopher has shown that there scarcely exists 
a combination, whether of organic or mineral origin, whose molecular consti- 
tution is not more or less affected by the solar rays. The study of these 
extraordinary effects constitutes the science of Photography. 

863. If a piece of paper be moistened with a solution of common salt, and 
then dipped in one of nitrate of silver, a thin covering of chloride of silver is 
ibrmed on its surface, and it is leA in a state extremely sensitive to the action 
of light. If a piece of such paper be exposed to the sun's rays, or to the 
difiiised light of day, it becomes darkened in color, and assumes a brown, 
bluish, or black hue, according to the length of exposure, or to the proportion 
of silver present. The chemical change thus experienced by tlie chloride of 
ailver is not yet satisfactorily understood ; it, however, appears probable that 
a partial conversion into oxide occurs. It is certain that some important 
iDoIecolar change does take place ; for if a piece of paper thus blackened by 
e3qx)sure to light, be digested in a solution of hyposulphite of soda, (in which 
(diloride of silver is readily soluble,) it gives up but a small proportion of the 
silver, all the chloride which has become changed by tlie action of the sun's 
rays being insoluble in the solution of the hyposulphite. 

864. When a slip of paper thus prepared is exposed to the solar spectrum 
(605), it becomes most darkened in the violet ray and in tlie space beyond it 
occupied by the lavender band of Sir John Herschel (610). In the position 
of the more refrangible rays, the paper ia scarcely affected except that occa- 
nonally it is observed to assume a very faint tint, bearing some resemblance 
in hue to the colored bands of the spectrum, which thus, within certain limits, 
imprint their own tints upon the paper. The following table shows the results 
of an experiment in which the paper was rendered sensitive with chloride of 
filver : 

Ck>lored band of spectrum. Tint impressed on the paper. 

Red ... - None 

Orange ... - Faint brick red 

Orange-yellow - • Brick ted 

Yellow - - - - Red passing into green 
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Colored bmnd of speotnim. Tint impreaMd on the paper. 

Yellowish-green - - Dull bottle-green 

Green - - - • Ditto passing into' bluish 

Bluish-green - - - Sombre blue 

Blue - - - - Black passing into metallic yellow 

Violet - - - - Ditto 

Beyond violet (lavender) Violet or purplish black. 

865. The opposite extremities of the solar spectrum appear to exert ve^ 
difierent effects on the prepared paper (8C3), appearing to neutralize withia 
certain limits each other's effects. Thus, a piece of the paper blackened by violet 
light is bleached by exposure to the red ray. Sir John Herschel found that 
when a violet and red ray were allowed to fall simultaneously on a piece of 
the paper impregnated with chloride of silver, they nearly neutralized each 
other's effects, if the changes which are thus produced in the chloride of 
silver in common with other compounds, are effected by means of chemical 
rayt in the spectrum, we may explain this neutralizing effect to the interfer- 
ence of the undulations producing thern. 

866. As the darkening of the chloride of silver is confined to those portioos 
which are exposed to light, it is easy to apply tliis property to the copying of 
patterns of lace, leaves, engravings, &c. For this purpose, a piece of paper 
properly prepared (871 — 886), should be placed upon a smooth surface, and 
upon it the lace, or leaf, should be laid ; a plate of glass should then be placed 
on the whole, and pressed down with a moderate weight. By a short expo* 
sure to the sun, or a longer one to diffused day-light, all that part of the paper 
nncovered, by the lace, &c., will be darkened, in color or even blackened; the 
rest being protected from the action of light, retaining its primitive whiteness. 
On removing the paper, an exact copy of the object placed upon it will be 
found. This drawing will, however, soon vanish by the blackening of the 
whole impression, unless it is fixed by the removal of the unchanged chloride 
from the paper. For this purpose, after soaking for a few seconds in water, 

' the paper should be sponged over with a solution of hypo-sulphite of soda, 
which, by dissolving the unchanged chloride, fixes the drawing (876). A 
solution of common salt may be used for fixing, but its action is far inferior to 
that of the hyposulphite. Washing with a solution of ferrocyanide or iodide 
of potassium will also partially fix the picture. 

867. In copying an engraving or ink-drawing, it is obvious that the paper 
on which it is printed must not be so thick as to interfere with the action of 
light It should be placed, face downwards, on a piece of sensitive paper, 
and kept as close as possible by means of a plate of glass pressed down by 
means of screws or weights. After exposure to direct sunshine for a suflS- 
cient time, the paper should be removed, and the picture fixed by one of the 
processes last described. 

868. The greatest triumph of the photographic art is undoubtedly the 
success it has arrived at, in rendering permanent the beautiful but fleeting 
images of a camera-obscura. The credit of having first obtained these won- 
derful results, belongs in this country to Mr. F. Talbot, and in France to MM. 
Niepce and Daguerre, whose processes are, however, perfectly distinct ftom 
each other. 

The camera (737) used in these experiments should be provided with a 
good achromatic (628), or at least a meniscut (590) lens, of about ten inches 
focus, and capable of adjustment by means of a sliding tube at a. The other 
end of the box should be provided with grooves, so as to admit a woodm 
frame c ; or a pane of ground glass at will. In either case these must ao fit 
the grooves as to prevent the admission of extraneous light 

To use this instnunent, the end b should be closed by means of the plite 
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of ground glaas, for the parpose of receiving the images produced by the 
lens. Ou placing the camera opposite the landscape or object to be copied, 



Fig. 372. 






its image will be visible on the ground glass, and the lens should be adjusted 
nntil it becomes as perfect and well-defined as possible. 

To copy the images of the camera, a piece of paper rendered as sensitive 
as possible by some one of the processes described in this chapter, should be 
fixed in the frame, and covered with a wooden slide, so as to protect it from 
light. The whole should then be introduced into the camera in the groove 
fiom which the ground glass had been previously removed. The wooden 
dide being then withdrawn, the images will be formed on the sensitive paper, 
and there leave a permanent impression. The time required ibr the comple- 
tion of this process will vary with the sensitiveness of the paper from a 
few seconds to half an hour. The pictures thus obtained must be fixed by 
means of some of the processes described in this chapter. 

869. TThe discovery of M. Daguerre undoubtedly constitutes the most won- 
derful in the science. The exquisite beauty of the Daguerreotype pictures, no 
leas than their remarkable sharpness of outline, has always arrested the at- 
tention of observers. The general details of the process are the following: 

A plate of copper is covered on one side with a thin sheet of silver, and 
aa perfect a polish and smooth a surface as possible must be given to the 
latter, by the use of dilute nitric acid, and friction with fine tripoli and oil, 
until It presents that blackish lustre so peculiar to highly polished silver, when 
▼iewed at a certain angle. The silver surface is then rendered sensitive by 
being exposed to the vapor of iodine, whidi is best effected by placing at the 
bottom of a wooden box a piece of thin deal, saturated with a solution of 
iodine in alcohol, and resting the plate with the silver face downwards, on 
two little projecting ledges in the interior of the box, so that it must be a 
couple of inches above the iodized wood. In tliis manner a delicate yellow 
coating of iodide of silver is formed over the plate: this is extremely sensi* 
tiva to light, and therefore must not be exposed to its influence until placed 
in the camera. The surface may be rendered still more sensitive by sus- 
pending it for a short time over an aqueous solution of bromine, by which the 
yellow color of the iodized plate is converted into a pale rose-red. These 
operations should be, like all preparatory photographic processes, performed 
in a dark room by the faint light of a taper. The camera obscura being ad- 
juqted to the object, the prepared plate should be slipped into the groove made 
to receive it, care being taken not to expose it to light during its transit from 
the room where the last operation was performed. 

In the course of a few seconds the full efiect is generally obtained, and 
the camera with the plate should be removed to a dark room. The plate . 
being then removed, will appear to have undergone no visible cliange, the 
picture being present, but latent To render it visible, the plate is suspended 
in a dark box over a capsule of mercury, gently heated by a spirit- lamp. The 
ledges which support the plate should be so placed that the latter may rest 
at an angle of 45 degrees to the side of the box. The mercury will slowly 

33* 
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rife in Tapor, and wUl adhere in the form of extremely munite gray i^obohi 
to those pans of the plate where the light has fallen, leaving the parts cos* 
responding to the shadows of the picture untouched. In this way the pietore 
may be seen gradually unfolding itself, and this beautiful {mrt of the proeea 
may be watched by the light of a taper through a little window in the Xkxl 
As soon as the picture has obtained its maximum of distinctness, the plats 
must be removed, and being placed in. a vessel, should be covered with a 
weak solution of hyposulphate of soda to dissolve all the bromo-iodide of 
silver. leA unaltered by light After washing with water, the plates may bs 
allowed to dry, and the picture is led fixed from all further action of light 

870. The rationale of this curious pnxsess consists in exposing a highly 
sensitive surface of iodide or bromo-iodide of silver to light, by which soms 
molecular change is effected in the parts on which the li^t has acted, by 
which the vapor of mercury becomes condensed upon those portions to the 
exclusion of the others. The darks and shadows of the Daguerreotype pic- 
tures are formed by the naked surface of the silver shining with its fall 
** black" lustre, whilst the lights are formed by the gray globules of mercmy. 
Hence the slightest touch with the finger is sufficient to rub off some of thoM 
adhering globules, and tims to spoil the picture. The state of snrfiiu^ pio* 
duced by the light, by which the vapor of mercury is enabled to adhere to 
particular portions only, is, perhaps, analogous to that which induces the 
formations of Moser's figures with vapor of water (840). 

871. In giving a brief sketch of the different modes which have been em* 
ployed to render paper and other bodies sensitive to the action of the chemicsl 
rays of the spectrum (626) as they exist in ordinary light, it is important to 
distinguish lje|ween two classes; one including those which receive a direct 
and visible impression from an image thrown upon them; the other containing 
those which undergo a certain molecular change, but in which the picture is 
latent (880), and requires the application of some reagent to render it visible. 
Almost all metallic salts and vegetable pigments belong to one or other of 
these classes, some of the most remarkable of which will now engage oor 
attention. The compounds of silver, including the different species of argetiih 
type^ are among the most sensitive, and these may be further distinguished 
into the chloroiodo'chromo-argerdoiype^ &c., each presenting several jxiints of 
peculiar interest 

872. The ckhnHirgentotype has been already described (863), and with care 
may be prepared of sufficient delicacy to receive the impressions of the cameis- 
obscura (868) afler a few minutes' exposure. The following is one of the 
best modes of preparing an excellent paper of this kind. 

Dissolve a quarter of an ounce of nitrate of silver in two ounces of distilled 
water, and forty grains of common salt in the same quantity of water. 

Select some sheets of blue wove post-paper, and damp thei^ by pressore 
between folds of wet bibulous paper. Then sponge them evenly with the 
solution of salt, and having drained them of superfluous moisture, let them 
become nearly dry. The solution of silver should then be applied evenly 
over the surface (which should be previously marked with a pencil to dis* 
tinguish it) by means of a broad flat brush ; tlie paper thus prepared shoald 
be dried in the dark, once more carefully brushed over with the solution of 
silver and again dried, and preserved for use between folds of dark paper. 

873. lodo-argentotype is exceedingly sensitive to light, and may be prepared 
by brushing over one surface of fine paper a solution of twenty grains of 
nitrate of silver in half an ounce of water, carefully drying it; and then ap- 
plying a solution of ten grains of iodide of potassium in half an ounce of water. 
This paper is of a pale yellow color, and keeps tolerably well. 

874. Bromo argentotype is, according to some, the most delicate of all, and is 
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pnpared bjr brashing over paper a solution of 100 f^rains of nitrate of silver 
ia mn oooce of water, and when dry a solution of forty grains of bromide of 
pofbtauam in an ounce of water» again drying it, and thon applying one mbre 
tnth. of the silver solution. This very sensitive paper is very liable to 
llteoken spontaneously in the dark. 

' 87d. It is remarkable that these three preparations, altbongh closely resem- 
bling each other, are acted upon differently by the chemical rays of the 
■peotrom (626). Thus, if slips of these ditTerent papers be exposed to the 
•pectnim, the paper prepared with the chloride of silver will be most dark- 
ened in the blue ray, that with the iodide beyond the violet, and that with 
the bfomide will be blackened for the whole length of the spectrum, but most 
intensely in the indigo ray. 

876. The pictures impressed on these papers are best ficed in tlie following 
manner. Dip them in warm distilled water, and drain them in the dark on 
a napkin, then cover them with a thin layer of a saturated solution of hypo- 
•nlpbite of soda, and after soaking them for a few minutes, wash them with 
watBT (which in the case of the iodide and bromide should bo warm) until 
die washings no longer taste sweet It is remarkable that tlio pure chloride, 
iodide, and bromide of silver, are scarcely sensible to light, but instantly ac- 
qnira this power by the addition of an excess of the nhrato. 

877. Many other salts of silver maybe employed with more or less success 
■s photographic agents, their range' of sensibility differing very remarkably. 
Among these compounds one produced by the action of the yellow prussinto 
of potasa on iodide of silver, discovered by Mr. Hunt, is the most remarkable. 
Thiiy the cyanchorgentotypty is thus prepared, and is worthy of notice from its 
preaanting a close approach to the beauty of the calotype pictures. 

Oiaced letterpaper is washed over on one side with a solution of two 
dmdunfl of nitrate of silver in an ounce of distilled water, and quickly dried. 
It ia then immersed for a minute in a weak solution of iodide of potassium, 
(1 drachm to 8 ounces water), removed, and gently washed with pure water, 
and, lastly, dried in the dark. The paper so far prepared may be kept for 
any length of time, and to render it highly sensitive, it is only necessary to 
brash it over with a solution of one part of yellow prussiate of potass in eight 
of water. These papers are only sennitive whilst wet, for if allowiMl to dry 
in the dark, they become nearly insensible to the influence of light; immo<U- 
•Iriy, however, acquiring their susceptibility to light by merely moistening 
tfiem with cold water. The pictures taken in the camera by this process are 
readily fixed, by being washed first with water and then with the solution of 
the iodide. 

This kind of paper is blackened nearly equally by tlie whole prismatic 
spectrum. 

878. In all these pictures the lights and shades are reversed, and we have 
what are called negative pictures. To prepare from these ^ottVtve copies, in 
whicdi the light and shades are correctly represented, all that is necessary is 
to ))lace the well-fixed (876) photograph, with its face downwards, on a 
sheet of sensitive paper, press them close together by means of a plate of glass 
ia a proper (Vame, and expose them to the direct rays of the sun. In a short 
time the picture will be impressed upon the paper, and may be fixed in the 
manner silready described. 

879. It is, however, possible to prepare a positive paper^ or one which will 
■t once give a picture with its lights and shades in a proper ])osition. The 
fallowing is the process contrived by Mr. Hunt for this purpose. Good letter* 
paper is soaked for a few minutes in a solution of forty grains of chloride of 
sodioro in four ounces of water. It is then wiped, dried, pinned on a board, 
and bniahed over with a soft sponge dipped in a filtered solution of nitrate of 
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■Utw 120 grains, water an ounce and a half, and aiodiol half an ounoe, Tb« 
paper is then exyxwed to the sun, which darkens it immediatelj. The lohitiaB 
of silver is again to be applied and the paper once more exposed to the son, 
until it assumes a uniform chocolate color. It is then to be dried in the dark. 
To use this paper it should be brushed over with a solution of thirty gnuin 
of iodide of potassium in an ounce of water. If this paper be placed whilst 
moist in the camera obseum, it will be impressed with a beautiful ssepia^o* 
lored positive picture- in half an hour. These pictures are best fixed hj wash* 
ing them with water to remove the excess of iodide, but are unfortunately 
liable to fade. 

880. If any of the sensitive papers (873, &o.) be exposed in the camen, 
&c. for too short a time, either no picture at all, or at least a barely visiblfi 
one, will be noticed ; still the absence of if\}pression is do proof that a decided 
efieot is not produced. This may indeed be demonstrated by the applicatioB 
of some reducing agent, as the gallic or succinic adds, proto-sulphate ci itaoi 
&C., which would not act upon the paper before exposure. We have, founded 
on these principles, some processes for preparing paper of wonderful sen- 
sibility; and of these the first which merits attention is the calotype of Mr. 
Talbot 

881. This extremely sensitive paper has been largely used for the purpon 
of taking portraits by means of the camera obscnra. The process itself hsi 
been made the subject of a patent; its outlines are as follows :-* 

A sheet of fine post-paper is brushed over with a solution of 100 grains of 
nitrate of silver in six ounces of distilled water. It should then be cautiousijr 
dried at a distance from the fire, or by exposure in a dark room. When diy 
it is dipped into a solution of iodide of potassium, (500 grains to a pint of 
water,) dried between folds of bibulous paper, immersed for an instant in 
pure water, and gently washed with distilled water, and dried. A fine uni- 
form coat of pale yellow iodide of silver is thus spread over the paper, which 
must be kept for use. To give the iodized paper its maximum of sensibilitf, 
it must be rapidly brushed over with equal parts of an acid solution of nitrate 
of silver, and a cold saturated solution of gallic acid ; then immerse it for a 
moment in distilled water, and drain it on blotting-paper. The acid solution 
of silver is made by dissolving one hundred grains of crystalized nitrate of 
silver in two ounces of distilled water, and adding one-sixth of its volume c£ 
strong acetic acid. In this state it is remarkably sensitive, and when nearly 
dry may be exposed in the camera. But a short time, often a few secouds, 
is sufficient to obtain a beautifol picture. The paper should then be removed 
and the picture impressed upon it, although as yet invisible, must be ** brought 
out" by again washing it with a mixed solution of silver and gallic acid, keep- 
ing the paper warm by placing it in a dish over boiling water. The beaati- 
ful picture thus procured may be fixed by washing with water and then with 
a solution of 100 grains of bromide of potassium in 10 ounces of water. 

Tliese pictures, which are among the most beautiful in the photographic 
art, are negative, and may be made to yield positive impressions by the pro- 
cesses already described (878). 

882. A paper of exquisite sensibility has been contrived by Mr. Brooke, and 
employed by him to register the magnetic variations (271). Tliia gentleman 
availed himself with great ingenuity of the different susceptibilities of tlie 
iodide and bromide of silver to the different rays (620) of the spectrum, and 
thus succeetled in preparing paper so sensible to the influence of light as to 
rival the more complex calotype. His process is the following : one surface 
of well glazed paper is sponged over with a solution of twelve grains of 
bromide of potassium, four of iodide of potassium, and four of isinglass, iu an 
ounce of distilled wate^ Care must be taken to apply the solutioa equally 
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ever the paper, which is then to be dried. When required for use, it is gently 
brushed over in the dark with a solution of fiAy grains of nitrate of silver in 
■n omioe of water; the only light used in this process must be that of a lamp 
oovered with red glass. This paper should be used whilst damp. A minute 
or two is sufficient for its exposure in the camera ; on removing it, a cold 
tolotion of gallic acid should be poured over it, and in a few seconds the 
picture will become visible. As soon as it is sharply defined, the process 
rixNild be stopped by immersing the paper in warm water, and fixing it in 
the usual manner (87G). I have seen Mr. Brooke obtain a sharp impression 
on this paper by allowing a pencil of light refiected through a narrow slit by 
a minor from a small campbine lamp at the distance of several feet in fifteen 
•eoonds. I have, on a dull March morning, obtained a sharp picture in the 
camera in three minutes by the aid of this paper. 

883. Many varieties o^ ferrotype have been described ; these all are indebted 
fat their susceptibility to light to per-salts of iron, which become wholly or 
partially reduced by the solar rays. The most convenient salt for this purpose 
ii the ammonia-citrate. If paper be washed over with a solution of this salt 
in ten or eleven parts of water, and carefully dried in the dark, it is remarka- 
bly sensitive to light If a piece of lace (for example) is pressed in close con- 
tact with a piece of the paper, and exposed for half-an-hour to the sun, a sharp 
and well-defined picture will be obtained. If, however, the sun's rays be not 
veiy bright or the exposure to their influence be much shorter, a scarcely visible 
impreesion will be formed. As, however, all the points exposed to the light 
have undergone a change, from the partial conversion of the sesqui-citrate 
into a proto-salt, on washing the paper with a solution of the red-prussiate of 
potaM, (ferro sesqui-cyanide of potassium,) {i pretty picture will appear of 
]Fdlow lace on a blue ground, the prussiato acting only on the reduced portion 
of the iron-salt In the same way a solution of nitrate of silver will produce 
a fiiwn colored picture on a blackish brown ground, and a neutral solution of 
efakwide of gold will produce a picture with a splendid purple ground, the 
dkrysQ/Kpe of Sir John Herschel. 

984. The class of cyanotypet are peculiarly beautiful, and some of them have 
peculiar claims to our attention. One of the best is made by washing paper 
with tlie red prussiate of potass, and when dry exposing it to the sun, with 
the object to be copied pressed in close contact with it by a plate of glass. 
Ilia efifect of the liglit is to evolve prussian blue, which remains fixed to the 
paper. On soaking the picture thus produced in water, the unchanged prus- 
nate is removed, and a white picture on a beautiful blue ground results. This 
easily prepared paper afibrds a ready and excellent means for copying ferns, 
■earweeds, lace-work, engravings, &c., but is not sufficiently delicate for the 
camera. 

885. The most sensitive cyanotypes hitherto obtained are those prepared 
fay the following processes, devised by Sir John Herscbol. 

Mix together equal parts of a cold saturated solution of bichloride of mer- 
eniy with one of the ammonio-citrate of iron, (1 part of the citrate to 11 of 
water.) Before any precipitation occurs, wash over with this fluid a sheet 
of yellow wove post-paper, and dry it. Paper thus prepared may be kept 
fiir some time without becoming deteriorated. A piece of this should be 

f»laoed in the camera, until a decided, although faint imi)ression is just visible. 
t should then be removed and rapidly brushed over with a saturated solution 
of the yellow prussiate of potass, diluted with three times its bulk of strong 
gum-water. The picture gradually unfolds itself in an extremely beautiful 
manner, and should be allowed to dry in the dark, where it should remain 
for some days, when it will bear strong light with impunity. If a picture 
thna obtained be heated, it is converted from a blue positive, into a brown 
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negiUiTe one (888). By keeping, howeyer, it reooyers its positiTe diancter 
anid original oolor. 

886. The chromot3rpe aflSbrds a sensitive paper of sufficient delicacy fiv 
copying lacework, ferns, &c., and may be made by simply washing thin paper 
with a solution of bichromate of potass, and drjring it quickly before a fire. 
Let an object be placed on this paper, (which possesses a fine yellow odor,) 
and baying been secured by pressure with a plate of glass, be exposed to 
llie direct rays of the sun, until the yellow color of the paper is changed to a 
rich l»own. On removing the object, its outline will be found beaatifuUy 
defined on the paper, the drawing being yellow on a brown ground. To 
seoDie this from further change, all that is necessary is to soak the paper in 
wmter, to remove the unchanged bichromate, by which process the picture is 
left nearly white on a brownish-yellow ground, and may be preserved for 
any time without further change. The rationale of this process is found in 
the reduction of a portion of the chromic acid to the state of oxide. 

887. From the elaborate researches of Sir John Hersofael, it has been 
proved that scarcely any colored fiuid from the vegetable kingdom, or wa 
eompound which chemistry has made us acquainted with, exists, which M 
not more or less sensitive to the chemical influence of light. He suoceeded 
in obtaining well-defined photographs, by merely using paper impregnated 
with the colored juices of flowers and other parts of vegetables; and to diSM 
the generic term of antho-type has been applied. For an account of theM 
beautiful researches, I must beg to refer the reader to the published papen 
of Sir John.* 

888. It is a remarkable fkct, that all the photographic processes are OOO' 
siderably expedited by the application of a gentle heat Sir John Hexschel 
found that in many instances the photographic change produced by exposing 
a strip of prepared paper to the solar spectrum, the changes which woakl 
require a considerable time to be effected, were rapidly produced by holding 
behind the paper, whilst thus exposed, an iron heated below redness. In 
the account of the beautiful calotype process (881) of Mr. Talbot, it has been 
mentioned, the paper must be heated to bring out the picture properly. In 
the cyanotype picture (885) we have seen that an actual alteration of color, 
and the conversion of a positive into a negative picture, take place by the 
mere application of heat. 

The agent in producing this curious change is considered by Sir John He^ 
schel to consist of rays of some kind abounding in the red and orange bonds 
of the solar spectrum, and emitted by bodies heated just below redness. 
These rays, for which the term of para-thermic has been proposed, appear to 
bear the same relation to the true calorific rays, as those active in producing 
chemical and photographic phenomena do to the chemical ones. 



NOTE. 

For further information on the interesting subjects of this chapter, I would 
refer the student to the papers of Sir John Herschel in the Philosophical 
Transactions, and the Researches on Light by Mr. Hunt, London, 1844, as 
also to sections VU. and VIIL of Muller's Physics. 

* Philosophical Transactions. 
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Aberration of light, 278 ; chromatic, 305, spherical, 396 

.AlMorptioD, of Ught, 301 { gaaeoue, 63| of heat» 378 

Aeeidental colon, 356 

Achromatic lenses, 349 

Achromatism, 305 

Aelinic lines, 159 

Action and reaction, 74 

Aconatica, 138 1 figures, 147 

Adbedon, 58 

Agate, polarizing power of, 319 

Agonic lines, 158 

Jfyimu, magnetic processes, 163 

Alr^mpy }26 1 thermometeri 862 

.Afatage, 13S 

AMini'B researches, 266 

Amalgam, electrical, 183 

Anmoninm, formation of, 235 

Jmp€re!*$ magnetic formula, 241 ; magnetic theory, 251 

Angle, polarizing, 324 ; visual, 295 

Ammai electricity, 264 ; levers, 102 

Anthotype, 394 

Archimedes, principle of, 112 

Ascent of balloons, 67 

Atmosphere, composition of, 121 1 electricity of, 204; pressure of, 122, 127; 

extent of, 122 
Atoms, 49 
Attraction, 51 ; laws of, 57 ; adhesive, 58 ; capillary, 59 ; cohesive, 57; eleotrie^ 

240 ; magnetic, 212 ; gravitative, 64 
Aurora boreaJis, 209 
Axis of double refraction, 316 ; positive and negative, 317 ; inclination of, 317 

Balance, 94 ; torsion, 172 

Barometer, 123 

Battery, electric, 196 ; voltaic, 219 ; calorific effects of, 224 

BscfUtfTtf/'f battery, 236 ; reductions of metals, 231 

BtrnoidttVi formula for gaseous currents, 133 

Biot on circular polarization, 341 ; on conductors of soond^ 142; on polariaiog 

power of organic fluids, 342 
Bismuth, thermo-magnetic powers of, 261 ; dia-magnetic powers of, 167 
Bramah's press, 137 
Brtgvet*t thermometer, 364 
Srewtter on polarized light, 324 ; on partial polarization, 323; on simplification 

of spectrum, 301 
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BrittleneMy 55 

Bromo-argentotype, 390 , 

Brookt, Dr., on magnetiim, 160 ; photographic paper, 392 

Bumen'i battery, 217 

Calcareons spar, 315, 328 

Camera, lucida, 348 ; obscura, 346, photographic, 368, prismatic, 347. 
Capacity, inductive, 177 
Capillanty, 57 
Cartesian devils, 112 

Coisegrain^t telescope, 346 

Cassia, oil of, iU dispersive powers, 302 

Caustics by reflexion, 284; by refraction, 294 

Centre of gravity, 68 j of oscillation, 91 5 of fluid pressure, 110 

Centrifugal force, 72 

Charcoal, voltaic ignition of, 224 

Charge,>electric, 197 ; residual, 197 - . -,._l. 

Chemical action, electricity of, 212; rays m spectrum, 305; aeUon of ligfelf 
305 

Chloro-argentotype, 390 

Choroid coat, 354 

Chromatic aberration, 305; scale, 312 

Circular, polarization, 336 

Clouds, electricity of, 207 

Coddington's lens, 348 

Cohesion, 57 

Cold produced by voltaic discharge, 225 

Collision of elastic bodies, 75, 78 

Colors, production of, 301; of spectrum, 300; of diffraction, 308; oftUi 
plates, 311; of thick plates, 313; of small particles, 313; comple- 
mentary, 301 ; scale of, 312; spectral, 357 

Compass needle, 156 

Complementary colors, 301 

Composition of forces, 75 

Compressibility of fluids, 105 

Condensation of gases, 51 

Condensing syringe, 127 

Condensor of electricity, 202 

Conduction of heat, 365 ; of electricity, 223 

Conducting wires, magnetic properties of, 243 

Contractions of fluid currents, 130 

Convection of electric currents, 227, 237; of heat, 367 

Convective discharge, 191 

Cords, vibration of, 79 

Coulonib^i electrical laws, 181, magnetic formula, 165 ; torsion balance, 172 

Cryophorus, 373 

Crystals doubly refractive, 316; positive and negative, 317 

Crystaline lens of the eye, 354 

Currents, electric, reaction of, 243 

Cyanotype, 391 

Cycloid ai oscillations, 89 

Cylinder's, strength of, 53 

.Curves representing properties of spectrum, 301, 304, 305 

Daguerre^i photographic process, 389 

JDanieWs battery, 2i6, 283, on saline combinations, 236; pyrometer, 865 

Darkness produced by interference of light, 306 

Declination, magnetic, 157 

De la Rive's floating battery, 247 
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Density of matter, 52; specific, 113 

Dew-point, 374 

Dia-magnetism, 166 

Diathermancy, 380 

Dichroism of crystals, 731 

DfelectricB, coated, 192 

Differential thermometer, 362 

Diffraction of light, 308 

Diffosion of gases, 64; of fluids, 64 ; of sound, 139 

Dilatation by heat, 360 

Dipping needle, 158 

Discharge, electric, 195 ; in gases, 190 ; in vacuo, 187, 204 ; spontaneous, 195 ; 

lateral, 203 
Discharger, universal, 198 
Discharging rod, 195 
Discord of sounds, 145 
Dispersion of light, JO 1 ; epipolic, 302 
Divuibility of matter, 49, 52 
Dry piles, 225 

Donne on organic electricity, 274 
Doublet, WoUaston's, 349 
Dynamics, 71 

Earth, directive power of, 161 ; figure of, 72; magnetic poles of, 157 

Echo, 142 

Elasticity, 55 ; of air, 128 ; of liquids, 104 

Elastic bodies, collision of, 78 

Electric jar, 195 ; battery, 196; shock, 196; vacuum, 200; condensors, 202; 
machine, 181 ; induction, 176 

Electricity, excitation of, 274 ; by vegetables, 275 ; by animals, 275 ; atmospheric, 
204; voltaic, 210; of chemical combination, 236; of chemical de- 
composition, 212; excited by magnetism, 252 ; by heat, 261 "^ 

Electro-dynamics, 240 

Electrodes, 228 

Eletrolysis, 227 ; by frictional electricity, 236 ; of salte, 238 

Electrometers, 171; Coulomb's, 172; condensing, 202 

Electromotors, 213 

Electro-magnets, 249 ; excitation of electricity by, 256 

Electrophoms, 179 

Electrotype, 210 

Qements, table of, 211 

Elliptic polarization, 342 

Endosmosis, 63 

Equilibrium, 70 

Epipolic dispersion, 302 

Ether, luminiferous, 276 

Evaporation, electricity of, 210 

Extension, 50, 52 

Ader'f musical notes, 145 

Exosmoae, 63 

Eye, ttracture of, 354 

Faraday f Dr., electro*magnetic induction, 252; electricity of gymnotus, 264 ; 
electrolysis, 229 ; electric induction, 176; vibrating plates, 146; dia- 
magnetism, 166 ; development of circular polarization by electricity 
and magnetism, 339 

Ferrotype, 393 

Fishes, electric, 263 

FlezibUity, 52 
34 
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FlSidl?non.elastic, 104; compressibility of, 105; pressure of, 106; upward 

pressure of, 129 
Focusof mirrors, 283; of lenses, 291 „ , ^^ r . »,« i^ 

Forces, compositioo of, 75 ; centre of parallel, 92 ; centrifugal, 72 ; resoIotiOB 

of, 75 * 

Formula, for gravity, 83; for pendulum, 89; accelerated motion, 84; lever, 96; 
pulley, 97 ; inclined plane, 100 ; screw, 101 ; fluid pressure, 108;E8ch- 
enmaier's magnetic, 156; magnetic, 165; foci of lenses, 292; for cir- 
cular polarization, 342 

Fountains, 131 

Franklin^s, Dr., electric kite, 206; thunder house, 208 

Frauenhofer^s bands, 303 ; curve, 304 

Freezing in vacuo, 372 ; in red-hot vessels, 372 

FretneVa experiments on interference, 307 ; on circular polarization, 336 

Friction, 85 ; of fluids, 132 

Frogs, electricity of, 266 ; battery of, 268 

QdlvanVs discovery of organic electricity, 265 

Galvanic electricity, 263, 265 

Galvanometer, 242 ; astatic, 242 ; frog, 269 

Gases, 51 ; condensation of, 51 ; absorption of, 62 ; difliision of, 64 

Gu battery, 226 

Ga!usi*8 agonic lines, 158 

Glass, systems of fringes seen in unannealcd, 332 

Gold, extension of, 50, 52 

Gravitation, 64 ; lateral, 66 ; effects of, 82 

Gravity, centre of, 68 ; force of, 82 ; specific, 113 

Oregory^s telescope, 346 

Grove's battery, 217, 221, 226 

Gymnotus electricus, 264 

Hardness, 51 

Harmonic sounds, 147 

Haldat on fluid pressure, 107 

Heat, of electric discharge, 188, 224; combined, 359 ; radiant, 376 ; absorption 

of, 378 ; refraction of, 382 ; polarization of, 334 ; specific, 368 ; latent, 

369; reflection, 377 
Herschel on photography, 388 ; table of luminous undulations, 299 
Human body, electricity of, 270 
Hydraulic press, 137 
Hydro-electric machine, 185 
Hydrometer, 114 
Hydro-dynamics, 129 
Hydrostatics, 104 
Hygrometer, 374 
Buy gens' theory of light, 275 

Iceland spar, optical properties of, 315 

Idio-electrics, 170 

Images, optical, 282 ; from mirrors, 285 

Impenetrability, 50 

Inclined planes, 99 

Index of refraction, 287 ; table of, 287 ; for ordinary and extraordinary rays, 314; 

ratio of, to angle of polarization, 324 
Induction, electric, 176; electro-dynamic, 252; magnetic, 154 
Inertia, 56 
Insulation, electric, 170 * 
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loterference of flaid undulations, 120 : of sonorous undulations, 141 ; of lumi- 
nous undulations, 309 
^ Invertor of electricity, 241 
lodo-argentotypo, 390 
Irrationality of the spectrum, 301 
Iso-clinical lines, 169 

Iso-chronisro of pendulum, 89; of vibrations, 80 
Iso-dynamic lines, 161 
Ito-thermal lines, 379 

Jupiter's satellites, 278 

Krqfft^i magnetic law, 160 

Latent heat, 369 

Lateral explosion, 203 

Lavender band of spectrum, 299 

Lenses, 290 ; achromatic, 306 

Levers, 92 

Leyden vacuum, 200 

Lechtenberg's Bgures, 189 

Liquids, transmission of forces by, 105 

Light, electric, 223; unpolarized, 275; polarized, 318; diffracted, 308; epipo- 
lised, 302; theories of, 296 ; velocity of, 278 ; reflection of, 281 ; pris- 
matic decomposition of, 300; dispersion of, 301; chemical action 
of, 305, 387 

Machines, electric, 181 • 

Magdeburg hemispheres, 127 

Magic lantern, 347 

Magnets, constitution of, 153 ; electro, 249 ; declination of, 157 ; inclination 

of, 158; coercing force of, 164; action of currents on, 240; making 

of, 163 
Magneto-electricity, 252; electrolysis by, 257 
Magneto>electric machines, 260 ; shock, 254 
Magnifying power of lenses, 294 
Man, electricity of, 270 
Marriotte, law of, 125 
Masses, 51 

Matter, essential properties of, 50 ; accessory properties of, 52 ; forms of, 51 
Matteucci^s researches, 268 
Mechanical powers, 92 
Megascope, 346 
Meniscus lens, 290 
Mercury, capillary repulsion of, 61 
Metals, conducting powers of, 223 
Meteors, electric, 209 
Mica, optical properties of, 327, 330 
Microscope, 346 ; polarizing, 335 
Mirrors, 282 

Molecular force of circular polarization, 340 
Momentum, 77 
Mifser^s figures, 379 

Motion, 71 ; centrifugal, 72 ; opposition to, 72, 85 ; reflexion, 74 
Multiplier, electric, 242 ; astatic, 242 

Needle, magnetic, 156 

Newton*8 laws of motion, 73 ; rings, 312 ; telescope, 345 ; theory of light, 276 ; 
discovery of spectral decomposition, 297 
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NidioWs priflxn, 819 

Nickel, magnetism of, 162 

Nitre, optical propertiea of, 331, 335 

Nodal poinU, 81, 147 

NcbiWi electrical researches, 270 

'Notes, musical, 143 ; vibrations producing, 142 

Octare, musical, 144 

Oergted^s discovery of electro-dynamics, 240 ; on the compressibility of water, 

105 ; theory of light, 275 
Ohm'8 formula, 222 
Optical instruments, 345 
Organic electricity, 263 
Oscillations of pendulums, 88 ; of ether, 275 
Ox, electricity of the head of an, 267 
Oxone, 183, 228 

Paper, sensitive, 388 

Parabolic curves, 85 

Parallelogram of forces, 75 

Parathermic rays, 394 

Paratonnerres, 207 

Pendulum, 88 ; compensating, 91 

Percussion, 91 

Photography, 387 

Photometry, 279 

Physiologic electricity, 263 

Piles, electric, Volta*s, 219 ; Zamboni's, 225 

Plane, inclined, 99 

Plates, colors of thin, 311 

Plumb-line, actions of earth on, 65 

Poles of magnets, 154; of earth, 156 

Polariscope, 321,332 

Polarization, electric, 174, 212 j of electrodes, 230 ; macrnetic, 154 : of heat, 

383 
Polarized light, 318 ; colors of, 325 ; circular, 336 ; elliptic, 342 
polarizing structure developed by magnetism, 339 

Pressure of fluids, 107 ; of atmosphere, 122; electricity evolved by, 174 
Primary colors, 299 
Principal section of crystals, 315 
Prismatic refractions, 290 
Projectiles, motion of, 84 
Pulleys, 97 ; compound, 99 
Pumps, 135 
Pyrometers, 365 

Quartz, optical properties of, 337 
Quetelet on magnetic variations, 160 

Rainbow, 313 

Rays of light, 280; ordinary and extraordinary, 314 

Reflexion of motion, 74; sound, 142; light, 281 ; heat, 377 

Refraction of light, 286; double, 314; of heat, 382 

Repulsion, 51 ; capillary, 61 

Residual charge of ajar, 197 

Resistance of media, 66, 85 

Resolution of forces, 75 

Resultant line of direction, 75 

Rings, Newton's, 311; of polarized light, 329 
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Rods, yibrating, 79, 147 

BoemerlM discovery of aberration, 278 

Rotation of electro-magnets, 246 ; of moving bodies, 86 

Salts, electrolysis of, 239 
8ehonbein*s discovery of ozone, 228 
Sehweigger's galvanometer, 242 
Section, principal, of crystals, 314 
Selenite, optical properties of, 327 
Shadow, acoustic, 140 ; inflection of light into, 308 
Shock, electric, 195, 219 
Silicon, reduction of, 234 
SUoras electricus, 265 
Sines, laws of, 286 
Sinus, light of, 279 
SmeeU battery, 214 
Soap babble, 51, 310 
Sodium, reduction of, 234 
Softness, 51 
Solar spectrum, 297 
Solar microscope, 347 
Sihnmering^s mirror, 348 
Sonorous vibrations, 138; interferences of, 141 

Sound, 138 ; velocity of, 140 ; reflexion of, 142 ; of heated metals, 148 ; of ro- 
tating magnets, 250 
Spark, electric, 174 

Specific gravity, 113; induction, 177; heat, 368; table of, 117 
Spectral colors, 357 

Spherical aberrations, 296 ; state of fluids, 372 
Sutics, 49 

Storms, magnetic, 160 
Steel, tenacity of, 54 
Sogar, polarizing power of, 341 

Syphon, 136 ^ 

Syringe, condensing, 127 ; exhausting, 126 

Tabasheer, refractive power of, 291 

Talbotype, 392 

Telescope, catoptric, 345; dioptric, 354 

Tenacity, 53 

Tension, electric, 180, 226 

Terrestrial heat, 379 

Thermo-electricity, 261 

Thermo-electric rotation, 262 

Thermophonc, 148 

Thermometer, air, 362; Leslie's, 362; mercurial, 363; Breguet's, 364 

Thermography, 380 

Thermotics, 359 

Time exchanged for power, 92, 95 

Topaz, optical properties of, 330 

Torpedo, 263 

Torricellian vacuum, 124 ; theorem, 129 

Torsion balance, 172 

Tourmaline, polarizing power of, 319; electrii^ity of, 174 

Trevelyan^s tnermophone, 148 

Tubes, vibration of air in, 147 

Unannealed glass, optical properties of, 332 

Undulations of fluids, 118; reflection of, 119; interference of, 120; of gases, 
134; of ether, 275 
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Undalatonr theory of light, 275 

Unipolar bodiot, 904 

Unit jar, 201 

UniTenal diicharger, 198 

yaenam, 122; Torricellian, 124 

VattP$ electric researches, 268 

Variation of the compass, 157 

Vegetables, electricity of, 274 ' 

Velocity of electricity, 197; of sonnd, 140 ; of light, 278 

Vibration of solids, 79; fluids, 118 ; progressive, 79 ; forms, 81 ; sonoroai, 

Vision, 356 

Volta*8 pile, 219 ; electrophorns, 179 ; researches on organic electricity, 20 

Voltameter, 229 

Water, density of, 113; compressibility of, 105 ; electrolysis, of, 227 ; deei 

position of by heat, 375 
Wares, parts of, 80 ; of air, 134 ; of liquids, 1 18 
Wedge, 101 

Weight, 66 ; of atmosphere, 122 

Wkntttone^s photometer, 242 ; electrical researches, 197 
Wheel and axle, 97 
WWeituon^s electric researches, 269 
Winds, 133 
WolUuton*$ doublet, 349 ; cryophorus, 373 

Young on undnlatory theory of light, 275 

ZambonVs piles, 225 

Zinc, amalgamated, 211 

Zircon, optical properties of, 291, 316 
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Strickland's Lives of the Queena.''-MoniiiHi Otmld. 



LEA AND BLANCHARO'S FUBL1CAT10^S. 



SCHOOL BOOKS. 



SCHMITZ AND ZUMPT'S CLASSICAL SERIES. 

VOIiUMB I. 

C. JULII CJC:SARIS 

COMMENTARII DE BELLO GALLICO. 

WITH AN INTBODUCTIDN, NOTES, AND A GEOGRAPHICAL INDEX IN ENGUSH, 
ALSO, A MAP OF GAUL, AND ILLUSTRATIVE ENGRAVINGS. 
In one haadaome ISnio. yolame, exiim clotlu 
Thii Seriei haibeoa placed under tbe editorial management nf two eminent acholara 
and practical teachers, Dr. Schhitz. Rector of tbe High School, Edinbuigh, and Da. 
Zdhpt, ProfeMor in the University of Berlin, and will eombiae tlie followiag advan- 
tafMT— 

1. A gradaally aacendina seriea of School Books oa a naifena ptea, so as t» ooaatitate withia a 
definite nomber, a complete Latin Curricalum. 

2. Certain amuiKernents In the radrnientaiy Tohnnes, which wfll fnsnre a fiiir amount of know- 
ledae hi Koman literature to those who are not designed for professional lifia, aad who therefore 
will not require to extend their studies to the advanced portion ef tbe series. 

8. The text of each author will be such as lias been constituted bv the most recent eoUatjonx of 
maanaofipta, and will be prafiused by biographical and critical sketches in Eoglish, that popiJs mar 
ba «Mide aware of the character and peouiarities of the work tkef ars aboot tostadf. 

4. To reoMwe difRcultiea, and sustahi an interest in the text, eipUnatoi|r notes in English will 
be placed at the fitut of each page, and sach comparisons drawn as may senre to uoite Um lUstoiy 
of the past with tbe realities of modem times. 

A. The worics, senerally, will be embellhihed with maps and fllostrathre engravings,— aeoompani- 
its wiiich will greatly aaaat the stadenl^ aaapreheaaien of the nstora of lbs countries and 
' circumstances described. 



8. The respective vulomes win be issued at a price considerablv less than that nsually charged ; 
and as the tsBia an Aram the BBosteniinsnt sources, and the wlu>le series aemtmeted upon a de- 
tmninate plan, the practice of iasoing new and altered editions, which is complamed of alike by 
— -,iBd5«pita,willbeaKogethera(roided. , -^ «, 



Itom among the testimonials which tbe publisbera havo reeef ved, they append the 
following to aliour tliat thu design of tho seriea baa been Ailiy and auoceasAillj carried 

oat>- 

Central BSgh Sc&ool, iWfa., Jum 29, I8t7 



I have been mncli pleased with vour edition of Cwsar's Gallic Wars, being part of Schmita and 
Znmpt's dasrifCal semes tar schools. Tlie work seems happily adapted to fiie waats of learnotL 
Hm notes contain much valuable information, concisely and accurate^ ejppreased. and on tbe points 
that really teqairs eluoidatioa, wbile at the same time tho book is not rendered tireaome ami ex- 
pensive by a useless array of mere lewming. 'Ilie text is one in high repute, and your reprint of it 
Is plMMdng to the eye. I take great pleasure in oommeading the publicatton to the attention of 
teaohan. It will, I am persaadod, eommwid itself to all who give it a fliir saamiaation. 

Very Kespectfhlly, Your Obt. Servt.. 

JOHN S. HART. 
To Messrs. Lea &, Blanchard. FrtBCva^ i'Aiio. ISi/h SckooL 

QenOemefi'.— •'''■'• ^ ^^''• 

The edition of "Cosar's Commentaries,** embraued in the Clavical Section of Chamben'k iSdu- 
catioual Coiuae, and given to ttte worid under the ausinoes of Drs. Schniitz and Zumpt has re- 
oeived from me a candid examination. I have no heritation in sayiar, that the desfgo ex|»reased m 
the notk» of tlie publishera. has been sncoenAiUy aecoropUahed, and Uiat tbe wu» is well culco- 
lated to beeooe popular and useful. The Uai appears to be unexceptionable. The mmoUitioH$ 
embratf ia oondenRed ibrra such valuable hifbrmation, as must not onl/ ^Militate the reaeareh of 
Che scholar, but a]M> stimulate to fbrther inquiry, without encouraging indolence. This \m an iin- 

Sutant feature in tbe right pruscculion of classical stodies, wliich ought to he ninregonerally ua- 
intood and appredatad. H. HAVEfWTlCK, 

Pr<»f.<ifAMekntLBMintaoeB,CaUnAU^acko€i,Pm^ 

TOIiUMB II. 

P, VIRGILII MARONIS CARMINA. 

NEARLY READY. 



LEA AND BLANCHARirS PDBUCATIORS. 



SCHOOL BOOKS. 



BIRD'S NATURAL PNILOSOPflY. 

KEABLY KEA1>T. 

ELEMEHTTS OP NATURAL PftlLOSOPHT, 

mono AN KZFBRUfEirrAL IBTBODUCnON TO THX FUlfllCAL mSEIKlMM, 

lULUaniATKB WITH OTBE THRU tOimMtM WOOIMnriK 

BY GOLDING BIRD, M.D., 

AaniUait Fhyaciui to Gnfu RoqrfCaL 

PROU THE THIRD LONDON EDITION. 

In one oeat volume. 

** Itf the appewanra nf Dr. Bird'h wnrk, the itadent lua WMrall that he can dean jbom anl, 
•ooria e , and wrU-JirenUnl volanie. llie elements of natnnl j)hiIoa(H>faT are erplainad ia veiy ite> 
ft* taBfoaga, and illoatrated by nameimB wood-cola.'^— MeAeal Oaiem. 

ARNOT T'S PH YSICS, 

ELEMENTS OF PHTSICS; OR, NATURAI. PHIUMOPHT, 

GENERAL AND MEDICAL. 

WRITTEN FOR UNIVERSAL USE, IN PLAIN, OR NON-TBCHNICAL LANOITACaEL 

BY NZEI.Ii ABVOTTy HC.D. 

A NBW BDITION, BT ISAAC HATS, M . Du 

Oonpleto to oac ocUto volume, with nearty two toadied wood^eata. 

Tut itaadard work haa been lonf and ftrocaaMj knowa aa ona of the beat ] 
ofthaiateraatlngaciaBceittreataoL ItiaeztenahreljiiaediBmanjofthafinti 



ELEMENTARY CHEMISTRY, THEORETICAL AND PRACTICAL 

BY GEORGE FOWNES, Ph. D., 

Chemical Leetmer in the Middleaez Hoqatal Medical SdtMol, Aa, &o. 
WITH KUMBROnS I LLU 8 T R AT I O B 8. 

EDITED, WITH ADDITIONS, " 

BY ROBERT BRIDGES, M.D., 

froremor of General aad Pharmaceutical Chemistry in the Philadelphia College nfPharnwfj, Ac.,te; 

SECOND AMEEICAN EDITION. 

in one large duodecimo volume, sheep or extra cloth, with nearly two 

hundred wood'Cuts. 

The character of this work is snoh as to recommend it to all colleges and academiee in want of a 
text-book. It is fully broiiRht up to the day, containing all the late views and discoveries that have 
so entirely duutfred the fiice of the scienee, and it is completely illastn^ed with very nwnefona 
wood enirravingR, exphinaUiry of all the different processes and fbrms of apparatus. Thoogh strictly 
Rdeutifio, it is written with great clearness and simplicity of style, renderug it ea^y to be compre- 
hended hv those who nre commencing the study. 

Tt may be had well bound in leather, or neatly done op in strong cloth. Its low price plaees il 
within the reach of all. 

Hm^wi fER^ 

SXiBKBirTS OF OPTZ08, 

3Y Bm DAVID BREWBTER. 

WITH NOTES AND ADDITIONS. B7 A. D. BACHE, LL.D, 

Superintendent of the Coast Survey, Slo. 

In one volume, 12mo., with numerous wood-cuta. 



XEA AND BLANCHARD'S PUBLICATIONS. 

SCHOOL BOOKS. 



fldlMAR'S FRENCfl SERIES. 

New editions of the following works, by A. Bolmak, forming, in con- 
neetioB with/'Bohnar's Leviiao," a complete series for the acquisition of 
the French language. 

A SEXECTION OF ONE HUNDRED PERRIN'S FABLES, 

ACCOMPANIED BY A KEY, 

Containing the text, a literal and tree tranilation, arranged in luch a manner as to 

point out the difference between tbe French and English idiom, &«., in 1 vol., 12mo. 

A COLLECTION OF COLLOQUIAL PHRASES, 

ON EVERT TOPIC NECESSARY TO MAINTAIN CONVERSATION, 

Arranged under different beads, with numeroua remarks on the peculiar pronunciation 
and uses of various words; the whole so disposed as considerably to facilitate tbe 
•equisilion of a correct pronunciation of the French, in 1 vol., ISmo. 

LES ATENTURES DE TELEMACIUE FAR FENELON, 

In 1 TtA^ ISmo^ aeoompaniad by a Key to tbe first eight books, in 1 vol^ liteno., con- 
laininff, like tbe Fables, the text, a literal and free translation, intended as a sequel 
to the Fables. Cither volume sold separately. 

ALL THE FRENCH VERBS, 

Both regular and irregular, in a small volume. 

nwliiul^FmsiTs^ 

NEARLY READY. 



PRINCIPLES OF PHYSIOS AND METEOROLOGY. 

BY J. MULLER, 

Professor of Physios at the University of Friebnrer. 

adjawnjLTKD wrru kululy ftvb htitdbed axd fiitt Kxcn^vmos on wooo, asd two 

GOLOSXD rXUiTES. 

In one octavo volume. 

This Edition is improved by the addition of various articles, and will be found in 
every respect brought up to the time of publication. 

**Ths PkysioB of IfnUsr is a work, snperb, complete, nniqos: the greatest want known to £nff- 
lish Science could not have been better supplied. The work is of sun>a«Riag interest. The value 
of this contribution to the scientific records of tliis country may be duly estimated by the Act, that 
fhe eost «if the migiDal drawings and engrarhigs alone has exoeeded the sum of 20001'*— Jdmeet, 
Moioli, 18i7. 

BUTLER'S ANicTi ^^ 
AST jltImJlb of jixroziiirT o-boo-bjipht, 

BY SAMUEL BUTLER, D.D., 

Late Lord Bishop of Litchfield, 

coNTAi'imfe Tw awTV 'OW ooloubkd mats, axs ▲ coMFurra AOoairruATaD inobx. 

In one octavo volume, half-bound. 

butTeFTan cient geography. 

aaooRjiPBZilL cimJlbbxojl, 

OR, THE APPLICATION OF ANCIENT GEOGRAPHY TO THE CLASSICS, 

BY SAMUEL BUTLER, B.B., P.H.S. 

REVISED BY lUS SON. 

FITTH AMICBICAK, FKOM THE LAST LOKDOlf EDmOW, 

WITH QUESTIONS ON THE MAPS, BY JOHN FROST. 
In one duodecimo volume, half-honnd, to matrh the Atlas. 
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LEA AND BLANCHARD'S PUBLICATIONS. 

ROSCOE'S LIVES OF THE KINGS OF ENGLAND. 

TO MATCH MISS STRICKLAND^S "QUEENS." 

Y0LT7MS ORB, COlTTAtNIirci THE 

LIFE OF WILLIAM THE CONaUEROR. 

In neat royal duodecimo, extra elotb, or fancy paper. 

"The hbtorical reader wfll find this a woik of peculiar interest. It displays througlKrat tha 
nnst pains-takiner research, and a style of naxratiTe which has all the lucidity and stren^h of 
Gihbon. It is a work with which, shedding such a lieht as we are justified in saying it will do 
upon Engtiah history, erery libraiy ought to be profideo."— <S8ftd^ Tana, 

MEMOIRS OF THE LOVES OF THE POETS, 

Biographical Sketches of Women celebrated in Ancient and 

Modem Poetrf. 

BY MRS. JAMIESON. 
In one royal duodecimo volume, price 75 centa. 

FREDERICK THE G R E ATTHTTcWRrAND TIMES. 

EDITED, WITH AN INTRODUCTION, BY THOMAS CAMP- 

BELL, ESQ., AUTHOR OF THE "PLEASURES OF HOPE." 

Second Series, in two dnodecimo volumes, extra cloth. 

HISTORY OF CONGRESS. 

m UBlT lN G A CLASSIFICATION OP THE PROCEEDINOS OF THE SENATE AND THE 

HO0SE OF REFRESENTATIVESjFROM 1789 TO 1793, EMBRACING THE FIRST 

TERM OF THE ADMINISTRATION OF GENERAL WASHINGTON. 

In one large octavo volume of over 700 pages, price only f 1.50. 

SCO OaS'lTlBJBLA^^ 

THE HISTORY OF IRELAND, 

rook THE ZARUEST KINGS OF THAT REALM DOWN TO ITS LATEST CHIEF8. 

In two octavo volumesi extra cloth. 

Mr. Moore has at length completed his History of Ireland containing the most troubled and inter- 
esting periods through which it has passed. Those who have possessed themaelTes of the woric as 
flu- as the Great Expedition against Scotland in 1515, can procure the second Tolume separate. 

HISTORY OF THEWAR¥FRAli^^ IN 1815, 

CONTAINING MINUTE DETAILS OF THE BATTLES OF QUATRB-BRAS, LIGNY, WAVRB 

AND WATERLOO. 

BY OAPTAIN W. SIBORNB. 
In one octavo volume, with Maps and Plans of Battles, &c., viz.: 

L Fait of Belgium, indicating the distribatioa of the armies on commencing hoatilitlea. S. Held 
of Qnatm-Braa, at 3 o'olodc, P. aI. 3. Field of Quatre-Bras, at 7 o'olock, P. M. 4. Field of Ligny, 
at a quarter pMw*-2 o'clocic, P. M. 5. Field of Ligny, at half past 8 o'clock, P. M. 6. Field of Water- 
loo. at a quarter past 1 1 o'clock, A. M. 7. Field of Waterloo, at a. quarter before 8 o'clodc, P. M. 
& Field of Waterloo, at 5 minutes past 8 o'clock, P. M. 9. Field of Wavre, at 4 o'clock, P. M., 18th 
June. 10. Field uf Wavre, at 4 o'clock, A. M., 19th June. IL Patt of France, on which is showB 
the advance of the Allied Armies into the Kingdom. 

BY J. C. I GIESELER, PROFESSOR OF THEOLOGY IN GOTTINGEN. TRANSLATED 

FROM THE THIRD GERMAN EDITION, BY F. CUNNINGHAM. 

In three octavo volumes, containing over 1200 large pages. 

XLZiBKBXTTS OF tJirtVBBSJlZi HZSTOB'ST. 

ON A NEW AND SYSTEMATIC PLAN, FROM THE EARLIEST TIMES TO THE TREATY 

OF VIENNA, TO WHICH IS ADDED A SUMMARY OF THE LEADING 

EVENTS SINCE THAT PERIOD. 

BY H. WHITE, B.A. 

SIXTH AMEBIOAK SDITIOV, WITH ADDITIOVa 
BT JOHN S. HART, A.M. 

In one large royal 12mo. volume, neat extra cloth. 



LEA AND BLANCHARiyS PUBLICATION& 



GRAHAME'S COLONIAL HISTORY. 
HISTORY OF THE UNITED STATES. 

FROM THE PLANTATION OF THE BRITISH COLONIES 
TILL THEIR ASSUMPTION OF INDEPENDENCE. 
SEOOND AMBBIOAH BDITIOir, 
BNLAROBD AND AMENDBD, 

WITH A MEMOIR BY PRESIDENT QUINCY. 

IN TWO LAEGB OCTAVO VOLUMES, EZTBA CLOTH, 
WITH A PORTRAIT. 

This work having assnmed the position of a standard history of thii 
country, the publishers have been inauced to issue an edition in smaller site 
and at a less cost, that its circulation may be commensurate with its merits. 
It is now considered as the most impartial and trustworthy history that has 
yet appeared. 

A WW copies of the edition in four volumes, on extra fine thick paper, 

price eieht aollars, may still be had by gentlemen desiroos of procuring t 

beautiful work for their libraries. 

"ft ifl anirersalljr known to literaxr men aa, in its wiginal fiinn, one of the eariieet hiitarieiof 
this oonutiy, and certainly one of the beat ever written oy a foreigner, ft has been conatantlf ml 
copiously voted by every one who has, since its appeamuoe, nndeiteken the history of this oamta. 
In (he course of the memoir prefixed to it, it m Tindicated from the aspenioas eaat on ft fay v. 

Bancroft, who, Deverthelen, has derived from it a rastamoont of the infoimatkm anddoemr 

material of liis own arobitioos, able and extended worlc. It is imed in two vt^omM, and 
fail to find its way to ereiy libraiy of any pretensions.— Jfais York Comrkr — i" 



COOPER'S NAVAL HISTORY. 



HISTORY OF THE NAVY OF THE UNITED STATES OF AMERICA, 

BY J. FENIMORE COOPER. 

THIKD EDITION, WITH CORRECTIOKS AND ADDITIOirS. 

Complete, two volumes in one, neat extra cloth. 

With a Portrait of the Author, Two Maps, and Portraito of Paul Jonsa, BAunauwi, 

Dale, Preble, Decatur, Porter, Perrt, and McDonocoh. 

WRAXALL'S HISTORICAL MEMOIRS. 
HISTORICAL MEMOIRS OF MY OWN TIMES, 

BY SIR N. W. WRAXALL. 

ONE NEAT VOLUME, EZTEA CLOTH. 

This is the work for which, in consequence of too truthful a portraiton of Catherine II., tiis 
author was imprisoned and fined. Taught by this experience, lus suooeedins mftrnffiir he wajh 
pressed until after his death. 

WRAXALL'S POSTHUMOUS MEMOIRS. 
POSTHUMOUS MEMOIRS OF HIS OWN TIMES. 

BY SIR N. W. WRAXALL. 

IN ONE VOLUME, EZTKA CLOTH. 

This work contains much secret and amusing anecdote of the prominent personagea of the day, 
Which rendered its posthumous publication «««—«— 



LEA AND BLANCHARiyS PUBLICATIONS. 

WALPOLE'S LE TTERS AND MEMOIRS. 

THE LETTERS OF HORACE WALPOLE, EARL OF ORFORD, 

COlfTAimNG KBARLY THEEE HUKDREO LETTERS. 
IfOW FIB8T PUBLISHED FROM THE ORIGINALS, AND FORMING AN UNINTER- 

RUFl'ED SERIES FROM 1735 TO 1797. 

Li four large octavo volumesi with a portrait of the Author. 

suppR?s iFrr m 

THE LETTERS OF HORACE WALPOLE, EARL OF ORFORD, 

TO SIR HORACE MANN, FROM 1760 TO 1785. 

HOW FIRST PUBLISHED FROM THE ORiaiNAL MS8. 

In two octavo volumes, to match the above. 

WALPOLE'S G EORG E THE THIRD. 

MEMOIRS OF THE REIGN OF KING GEORGE THE THIRD, 

BY HORACE WALPOLE. 
VOW FIRST PUBLISHED FROM THE ORIGIITAL M8S. 

EDITED, WITH KOTES, 

BY SIR DENIS LE MARCHANT. 

Thtw Memohv comprim the firat twelve yean of the reicn of George III. : and recommeiid 
tlwanlin eape ei ally to the reader in this ooantry. as oontaininfr an account of the early tronbles 
with *"»—'*«» Tbey iiMrm a aequel to the ** Memoira of Geoige the Second," by the aame author. 

BROWNIN G'sTii iUENOTS, 

HISTORY OF THE HUGUENOTS— A NEW EDITION, 

COlTTIirnBD TO THE PRESENT TIME. 

BY W. S. BROWNING. 
In one large octavo volume, extra cloth. 
* Om of the moit iuteraating and ToIiiaUe cootnbntiona to iBodem hatoiy."— O oi ffa iM w i * * Ifapv* 



** Not the least interesting portion of the woric has reference to the violence and persecotioni 

INGERSOL L'S LA TE WAR. 

HISTORICAL SKETCH OF THE SECOND WAR BETWEEN 

THE UNITED STATES OF AMERICA AND GREAT 

BRITAIN, DECLARED BY ACT OF CONGRESS, 

JUNE 18, 1812, AND CONCLUDED BY 

PEACE, FEBRUARY 15, 1815. 

87 OHJlRZaBS J. XXVaBRSOZaZa. 

One volume octavo of 516 pages, embracing the events of 1812—1813. 
Beautifully printed, and done up in neat extra cloth. 

R ?s H^ToFRTjTTm 

MEMORANDA OF A RESIDENCE AT THE COURT OP LONDON. 

COMFRISIKG INCIDENTS OFFICIAL AND PERSONAL, FROM 1819 TO 1825; 
orcunnHe iiBooTiATioNa on thb oaisooir avESTioif, and othkr ukmettlkd mKLAnona 

BKTWKKir THK UNirKD STATES AMD ORKAT BRITAIN. 

87 BZOH.A.BD BUSH, 

Envoy Extraordinary and Minister Plenipotenliary from the United States, from 1817 to lB2b. 
In one largo and beautiful octavo volume, extra cloth. 



LEA AND BLANCHARD*S PUBUCATION& 



N I E B U H R' S ROME. 

TBS BZSTO&T OF ROKBy 

BY B. G. NIEBUHR. 

COMPLBTB IV TWO LABaB OOTAYO TOLUMBS. 

Done ap in ei in eloth ; or five partf. paper, price %IM each. 

The 1^ thn« MitK of thii Tulaahle book lunre nerer befisro beoa paMiahed in this ooontiy, h«r- 
nc oalv iMtaly bMn printf^ in Germuir. ud tnnalatad in England. The two laat at Ibeae ( — 



PmrcflkA* NwbaKr's Ledum on tbe laUer part of Roman Htatoty, ao long laat to the worid. 
*• II Ml an iinrxpfctwl saipriae and pleaanre to the adimrera of yiebohr— that ia, to afl e a r n eil ; itn- 
denta «if anririit histtnT-Ho recot er, la fhim the gnve, the lauCnraa betoe oa."— fldeclK Btmtm. 

"Thp world lias now in Niebohr an impehdiable modeL**— JBimiMrvk Rmem, Mm, l&U. 
■* liere we rkwe oar reronrka upon thia namorable work,a work which, of all that hnTa anearad 
faonrace. aitliebnitflued toezeitemenof leaminirtointellectaalaeliTi^: IkoawliiahtkaBMit 



WMDiiiludH^ sr!h«ilar may niber fraah atorea of knowledge, to which the moat eKpaiienoed poUti- 
rian may- ri'Mort Ah- thtKwvtjcal and practical matrnctioB, uad whidi no pennn csan lend aa it oogfat 
ti» U' read, wiIIhmii frolior the better and more ganerooa a wiU i iiwitB of hie cornmrm hoMn antora 
oaiiTi-nnl ami i^rrnctliened.'*— £Um6iny* Reviem. 

** It w iiiiir«* I tciw jtm that I hare been derowing with the moit faitenae ndmiratiaii the third 
vnliinw of \i«-iiiilir. The riearneaa and onmprehenaiT e ne m of all hia military detaib ia a new 
fcatnrp in that wnoderfal mind, and how inimitablj beaoiifnl ia that brief aooovnTof TaraL'^ar. 
drmoUiljim. ¥oL u.) -, .r_-_- --.,,,-_-■ ■-^■-^■-■- - -. .-■-, 

PEOFESSOR RANK ERS HI STORICAL WORKS. 

BZSTOBT OF THB POPB8. 

niEIR C11UKCH AND STATE, IN THE SnCTEGNTH AND SEVENTEEITrH GENTOKIES. 

BY XiEOPOIiD RANKE. 
TmANaLATKD noa the uiar KDmov or tbx ueiimav. it waltb k. kbllt. bmu b. a. 

In two iNirta, paper, at $14)0 each, or one large Tolume, extra cloth. 

"A bonk mraonlinary ftir ita ktnninc and impartiality, and for ita Jiat and HmtbI viewa of the 
ImiM It dmmhM. The beat oomplhnent that can be paid to Mr. Rankei ia, that eaiAiide haa 
ar«ii*4<«l hini cif imriiality to its opponent: the German Proteatants complaining that hia work ii 
writtfii III tiMi Cniholir. a iiiiirit ;— the CotJiolici declaring, that generally impartial na he ia^itiB 
clear to pemeive tbo Aoteatant tendency of tbe hiatoiy."— LtadM TSmu. 

TBB TPBglSg AJtro SPi^^ 

IN THK SlXTJn^llI CENTURY AND BEGINNING OP THE SEVKNTEKNTH, 
BT PROFESSOR XiEOPOX.D RANKE. 

TBA.HHLATKI) VUiiH THE LAHT EDITIOX Or TIIE OEBMaN, BT WALTEK K. KELLT, ESQ. 

(Complete in one part, paper, price 75 cents. 

llim wnrk miii ptittlivhml hr the author in connexion with the " Ifistory of the Popes," under 
the niune of " Sivrri'iimii and Nations of Southern luunipe, in the Sixteenth and Seventeenth Cen> 
turii-M " It iiiiiy \h' ii>«-d M'liarBtcl}', or bouud up with that work, fur which purpoee two titles will 
be iuund in it. ^ ^ k,--v,^,^-.,*.^^v^..,s/x^ 

aZSTOBT OF TBB BBFOBUJLTZOH' ZB OBBBLIUnr. 

HY PROFESSOR LEOPOLD RANKE. 
PARTS FIRST, SECOND AND THIRD NOW READY. 

TBi.NSLATRD FaoM TIIE SECOND EPrnoy. BY SABAH AUBTIir. 

7b be completcl m Fnr parts, emek part contannug one volume eftiii LamUm edUkm. 
** Few malem wnl«pn nuearas such qualifications for doin< justice to so great a suhfect as Leo 
piiUI Kunke. — lulefatigable m exertions, he revels in the toil of examininir archives and state 
Uttprr^ ■■ l»»n«'st in punnme, lie *lui]>«ts his theories from evidence ; mit like D'Anbiime, whoee 
rxMimiiCf itf the KrftimratMHi selfHis evidence to support preconceived theory. Ranke never forgets 
IIm* klaicMiiHii lu the thfoUigiau, or the hortonan in the partisan." — Aiketueutn. 



.•N^S/^ ■N^X^V.'^N^^^^V.-N.-S^h^N.-s. -S,^ -s^N.-. -^^p >. >^ -» •%,-^-< 



BBOUOBLaJDa OK TBB FBBBOB RBVOZiITrZOB. 

One volume 12ma, paper, price 50 cents. 

STUDIES OF THE LIFE OF WOMAN. 

KROM THK FRENCH OF MAD.VME NECKER DE SAUSSURE. 
In one neat 12roa volume, fancy paper. Price 75 cents. 



THE EDUCATION OF MOTHERS; OR, CIVILIZATION OF 

MANKIND BY WOMEN. 

FROM THE FRENCH OF I^ AIME MARTIN. 
lu iviv i:^iiii volume, paper, ptkx 75 rcuts; or in extra doth. 



UEA AND BLANCHARirS PUBLICATIONS. 

SMALL BOOKS ON GREAT SUBJECTS. 

A SEBZES OF WORKS 

WHICH DESERVE THE ATTENTION OP THE PUBLIC, FROM THE VARIETY AND 

IMPORTANCE OP THEIR SUBJECTS, AND THE CONCISENESS AND 

STRENGTH WITH WHICH THEY ARE WRITTEN. 

Tliej fimn a neat 18mo. series, in paper, or strongly done np in three neat volumes, extra cloth. 

THERE ARE ALREADY PUBLISHED, 

Na L— PHILOSOPHICAL THEORIES AND PHILOSOPHICAL EXPERIENCE. 

a— ON THE CONNEXION BETWEEN PHYSIOLOGY AND INTELLECTUAL SCIENCE. 
3.-ON MAN'S POWER OVER HIMSELF. TO PREVENT OR CONTROL INSANITY. 
4.— AN INTRODUCTION TO PRACTICAL ORGANIC CHEMISTRY, WITH REFER- 
ENCES TO THE WORKS OF DAVY, BRANDE, LIEBIG, &c 
6.— A BRIEF VIEW OF GREEK PHILOSOPHY UP TO THE AGE OF PERICLES. 
C— GREEK PHILOSOPHY FROM THE AGE OF SOCRATES TO THE COMING OP 

CHRIST. 
7?-CHRISTIAN DOCTRINE AND PRACTICE IN THE SECOND CENTURY. 
a— AN EXPOSITION OF VULGAR AND COMMON ERRORS, ADAPTED TO THE YEAR 

OF GRACE MDCCCXLV. 
8.— AN INTRODUCTION TO VEGETABLE PHYSIOLOGY, WITH REFERENCES TO 

THE WORKS OF DE CANDOLLE, LINDLEY, &c 
la— ON THE PRINCIPLES OF CRIMINAL LAW. 
11.— CHRISTIAN SECTS IN THE NINETEENTH CENTURY. 
U.— THE GENERAL PRINCIPLES OF GRAMMAR. 

** Wa are glad to find that Messrs. Lea & Blanchard are reprinting, for a quarter of their original 
price, this admirable series of little books, which have justly attracted so much attention in Great 
Britain.** — OrdhanCa Magazine. 

"The writers of these thoughtful treatises are not labourers for hire ; they are men who have 
stood apart fipom the throng, and marked the moyements of the crowd, the tendencies of society, 
its erila and its errors, and, meditating upon them, have given their thoughts to the thoughtful."— 
London Critic. 

"A series of little volumes, whose worth is not at all to be estimated by their size or price. They 
are written in England by scholars of eminent ability, whose design is to call the attention of the 
public to various important topics, in a novel and accessible mode of publication."— N. Y. Morning 
Mm. 

MACKINTOSH'S DISSERTATION ON THE PROGRESS 

OF ETHICAL PHILOSOPHY, 

WITH A PREFACE BY 

THE REV. WILLIAM WHEWELL, M. A. 
In one neat 8vo. vol., extra cloth. 

OVERLAND JOURNEY ROUND THE WORLD, 

DURING THE YEARS 1841 AND 1842, 
BY SIR GEORGE SIMPSON, 

GOVERNOR-IN-CHIEF OF THE HUDSON'S BAY COMPANY'S TERRITORIES. 

In one very neat crown octavo volume, rich extra crunson cloth, or in two 

parts, paper, price 75 cents each. 

^'A more valuable or instructive work, or one more full of perilous adventure and heroic enter 
priae, we have never met with."— Joft« BuU. 

** tt abounds with details of the deepest interest, possesses all the diarms of an ezdting romanoe 
and fhmishei an immense mass of valuable information."— Jn<rMtrer. * 



LEA AND BLANXEARD'S PUBLICATIONS. 

UNITED STATES EXPLORING EXPEDITION. 

TBE sahhatjve of the 
UNITED STAIES EXPLORING EXPEDITION, 

D V CHARLES IV I L K E S , E S tt-. V.S.S. 

PRIDE TWEMTY-FIVE DOLLARS. 
A Nrw Eiltllan, in Hvi Mnllun 
Br-nfll,., 

fRIOi: OHX.T TVrO I)0I.I.ABS a VOXiTTME. 




ANOTHER EUlTtON. 
PBICB TWBNTY.FIVE BOLLAK8. 

rN FIVE MAGNIFICENT IMPERIAL OCTAVO VOLUMES' 

WITH AK ATLAS OF LARGE AND EXTENDED MAPS. 



■ii4 Iwiuijr. caulaining tjimi'-niiir larie and anithiiil LIdb Engracin^, Gmbrnrlng 
StrncTy. rutlralli. Hannen. Cutlami, Ilc. Ac Pany-ttvea FiqutriluSleiil Vignelifa. 

"apB and Chini, and nearly TweDiy-iii 



Ugadnid pt(H li Lcirer^preH. 



r 



ALSO, A FEW COPIES STILL ON HAND. 

THE EDITION PRINTED FOR CONGRESS 

IN FIVX V0I.nni£3, AND AH ATLAS. 

LAKCE IMPERIAL QUARTO, STHONG EXTKA CtOTH. 
PKIOE SIXTY DOLLARS. 



THE ETHN06RAP)iy AND PHILOLOGY OF THE UNITED 
STATES EXPLORING EXPEDITION, 

BY HORATIO HALE, 






LEA AND BLANCHAKD'S PUBLICATIONS. 

DON QUIXOTE-iLLUSTRATED EDITION. 

NEARLY READY. 

DON QUIXOTE DE lA MANCHA, 

MIGUEL DE CERVANTES SAAVEDRA 
BV OHABUES JABVIS, ESQ. 



WITH NVIHEROUS I tLUSTR ATIONS, 

BY TONY JOBANNOT. 




LEA AND BLANCHARD'S rUBUCATIONB. 



PICCIOLA. 

IIiXaUSTRATED EDZTIOV. 

PICCIOLA, THE PRISONER OF FENESTRELLA; 

OR, CAPTIVITY CAPTIVE. 
BT X. B« SAISTINB. 

▲ KBW EDITION, WITH ILLTT STRAT lO KS. 

In one elegant duodecimo volume, large tjrpe, and fine paper ; price in fimey eoren 

SO centa, or in beautiful extra crimson cloth. 

** l^rhua the most beantifol and tooching woric of fictioa ever written, with tiie exception of 
Undine."— ilMu. 

*'The same pnbliBhen have shown Uieir patriotiBm, common sense, and good taste bf patting 
forth their fourth edition (rf this work, with a set of very beautiful engraved emheHiiAmwitii, There 
never was a book wfaich better deserved the ocmipliment. It is one of greatly siuerior merit to 
Paul and Vimiiia, and we believe it is destined to surpass that popular wortc of St Pieire in popo- 
larity. It is better suited to the advanced ideas of the present age, and posseaws peculiar monl 
charms in which Paul and Virginia is deficient. St. Pierre's wow derived its popohuritr from its 
bold attar.k on feodal pr^odioes ; Sanitine's strikes deeper, and assails the secnfc vaSiMWf whidi 
is the bane of modem society, in its stronghold. A thousand editions of Ptcdobt vrill not be too 
many £Dr its merit.''— £aify'« Mok. 

** This is a little gem of its kind— « beautiful conceit, beautifully unfidded and applied. The style 
and plot of this truly charming stoiyrefjuire no criticism ; we will only express the wish that those 
who rel^ on works of fictioa tor their intellectual food, may always find those as pure in language 
and bewDtifhl in moral as Picciola. "-iVins York Review. 

** The present edition is got up in beautiftd style, with illustrations, and reflects credit upon the 
NbUshers. We recommend to those of our readers who were not fortonate enough to meet with 
Piooiola aome years ago, when it was first translated, and for a season all the rage, to lose no time 
In procnrfaig it now—and to those who read it then, but do not poseesa a ooiif , to embrace the op^ 
"roll 



poKtonity of suM>lying themselves from the i»«sent very excellent editjcm.**— aalurday Etemto Poit. 

**A new edition of diis exquisite stiny has rscMHtly been issued by Measie. Lea dc Blannhsrd, 
endMllished and illustrated in the most elegant manner. We understand that the work was com- 
pletely out of print, and a new edition will thm be welcomed. It contains a deligfatfhl letter from 
the author, givWa nainftil iaaigfat into the personal hlttoiy of the cimcacten who figure in the 
story."— £aniiivAMMi». 

**The moat eharmtng work we have read fbr many a day."— JKeftsuod Afacrsr. 

LOVER^slaOR^^ 

RORT 0'KOBB~A VATXOVrJLJt ROKAXTOB, 

BY SAMUEL LOVER. 

A new and dieap edition, with Illustrations by the Author. Price only 25 cents. 

Also, a beautiful edition in royal 12mo., price 50 cents, to match the fbllowing. 

''A truly Irish, national, and characteristic story."— ZoMdoa IMtrary Gazette. 

** Mr. Lover has here produced his best woric of fiction, whidi will survive when half the Irish 
sketches with which the literary world teems are forgotten. The interest we take in the varied 
adventures of Rory is never once suffered to abate. We welcome him with liigh delight, luid 
part from him with regret.''- Xondon Stan. 

LOVER'S IRISH STORIES. 

XiBaBlTDS jCLSTD STOBZBS OF IBBZiAlTB, 

BY SAMUEL LOVER. 

In one very neat 12mo. volume, fine paper, extra cloth or fancy paper, 
With Illustrations oy the Author. 

LOVER'S SONGS AND BALLADS, 

INCLUDING THOSE OF THE *' IRISH EVENINGS." 

In one neat 12mo. volume, price 25 cents. 



ARSTOH, 

OR THE MEMOIRS OF A STATESMAN AND SOLDIER 

BY THE KEV. GEORGE CROLY, 
Author of " SalathieV " Angel of Uie World," &a 
In one octavo volume, paper, price fifty cents. 
"A work of high character and absorbing interest."— Nt» Orfaoiu Bee. 



JUEA AND BLANCHARD>S PUBLICATIONS. 



MEDICAL BOOKS. 



TO THE MEDICAL PROFESSION. 

The following list embraces works on Medical and other Sciences issued 
by the subscribers. They are to be met with at all the principal bookstores 
throughout the Union, and will be found as low in price as is consistent 
with the correctness of their printing, beauty of execution, illustration, and 
durability of binding. No prices are here mentioned, there being no fixed 
standard, as it is evident that books cannot be retailed at the same rate in 
New Orleans or Chicago as in Philadelphia. Any information, however, 
relative to size, cost, &c., can be had on application, free of postage, to the 
subscribers, or to any of the medical booksellers throughout the country. 

LEA & BLANCHARD, PkUaddpkia, 



DICTIONARIES. JOURNALS, &ia, 

AMERICAN JOURNAL OF THE ME- 
DICAL SCIENCES, quarterly, at ^5 a 
year. 

AN ANALYTICAL COMPEND of the 
various branches of Practical Medicine, 
Surscry. Anatomy. Midwifery, Diseases 
of Women and Childroii, Materia Medica 
ami Therapeutics, Physiology, Chemis* 
try and Pharmacy, by John Neill, M. D., 
and F. Ourney Smith, M. D., with nu- 
merous illustrations (nearly ready). 

CYCLOPiEDIA OP PRACTICAL MEDL 
CINE, by Forbes, Tweedie, Ac, edited 
by Dungtison, in 4 super royal volumes, 
3154 double columned pages, strongly 
bound. 

DUNGLISON'S MEDICAL DICTION- 
ARY, 6th ed., 1 vol. imp. 8vo., e04 large 
pages, double columns. 

IIOBLYN'S DICTIONARY OF MEDI- 
CAL TERMS, by Hays, 1 vol. large 
12mo., 403 pages, double columns. 

MEDICAL NEWS AND LIBRARY, 
monthly, at $1 a year. 



ANATOMY, 



ANATOMICAL ATLAS, by Smith and 
Horner, largo imp. 8vo., 650 figures. 



HORNER'S SPECIAL ANATOMY AND 
HISTOLOGY, 7th edition, 2 vols. 8vo., 
many cuts, 1130 pages. 

HORNER'S UNITED STATES* DIS- 
SECTOR, 1 vol. large royal 12mo., many 
cuts, 444 pages. 

aUAIN'S ELEMENTS OF ANATOMY, 
by Sharpey, many cuts (preparing). 

WILSON'S HUMAN ANATOMY, by 
Goddard, 3d edition. 1 vol. 8vu., 235 wooa> 
cuts, 630 pages. 

WILSON'S DISSECTOR, or Practical and 
Surgical Anatomy, ivith cuta, 1 vol. 
I2mo., 444 pages. 



PHYSIOLOGY. 

CARPENTERS PRINCIPLES OF HU- 
MAN PHYSIOLOGY, edited byClymer, 
J vol. 8vo., over 300 illustrations, 3d 
edition, with many additions. 

CARPENTER'S ELEMENTS. OR MAN- 
UAL OP PHYSIOLOGY, 1 vol. 8vo.. 
56U pages, many cuts. 

CARPENTER'S COMPARATIVE ANA- 
TOMY AND PHYSIOLOGY, revised 
by the author, with beautiful engravings 
(preparing). 

CONNECTION BETWEEN PHYSI- 
OLOGY AND INTELLECTUAL 
SCIENCE, 1 vol. IPmo., paper, S5 eta. 



LEA AND BLANCHARD'8 PITB LI CATIONS. 

MEDICAL BOOKS. 



FHVSIOUJCr. Ixscd on Ibg Jarft wi 



N pHTSiOLOcr, 

m wond-mu. 
HAKIIBON OV THE NEBTES, 1 vol. 

MULLEB-8 PHYSIOLOGY, by Bell, 1 »oI. 

ROGET^ OUTI.INEe OF FHYSI- 

OLoar.eva..5LB|W|H. 

SOLLY ON THS HUMAN BHAtH. ITS 
aTKUCTUBB. PHVB10LUGY, AND 

TOSD AND BOWMAN'S PUYSIOI/l- 
QICAL ANATOMY AND PHYBI 



ABEKOROMBIE ON THE STOMACH, 
new MUllas. I vol. »tn..%i(l iMfn. 

DN THE BBAIN, now 



ALieON-B OUTLINES I 



WILSON ON THE SKI 
37UpaEei;»nowodiuoi 

WILUAMS' 'PATHOLOI 



N THE KIDNEYS AND 

UR[NB.BVn.. ]Npi«» 
BENNBT ON THB tlTEEUS, 1 vol, 

llrao., IW pttf- 
laiDD ON THE I.IYER. I tdI. Bvo., SK 

BILLINOe FKINCIPLES, 1 tdI. Btd., 3IH 

BIBD ON URINABV OEPOBITS. 8vo., 

ess ptf, cuu. 

IMSSE'a PATHOLOGICAL ANATO- 



HOPE O 



B. will. pl.l< 



r, hy Pen no 



INDIUE3- 



HEART, 1 ' 
pimu. 

PHILIP ON 

TION, Syo,. mo tmft 

PHILIPS ON SCBOf'CLA. I FDl. 8va. 
aao |Hi(M. pLniiH. 

PROCT ON THE STOMACH AND RE- 
NAL LLimASlCS. I vol. avo., i£& pICn, 

BICOntfON VENERGAUnewediliDD, 

v8g E L-8 P A Til o LOG IC A L AN ATOMY 
OF TUB HUMAN BODY, 1 vol. Svo., 
53S panes, Fntniircd plsicn. 

WAI^HE ON THE LUNGS, I vnl, Iftao.. 



PRACTICE OF MEDICINE, 



FEVEB. ■ now ir 
bis fiiniM woik {lICM-l/ KBdy). 
lENEDICT'S COMPENDIUM OF 
N'B LBCTUBEB, Ivol.Bm., 



DOMINAL VISCERA b. 
CHAPMAN ON FEVERS. 

DROPSY, tc. *c.. 1 vol. e^D., a 

iCOLOMBAT DE L-ISBRB C 



CONDIE ON THE DISEABEB OF cnil.. 
DREN. M cdilion. 1 vol.fivD., 638 |>Bgu. 
CHURCHILL ON THE DIBEASEJ OF 



vol. 8.O., CM pneD.. 

CHURCHILL DI^HB MAN 

AND MORE IMFOBTANTDtSGASKS 
OP INFANCY AND CHILDHOUD 

OTHERS ON FEVEBS, 



DEWEE8 ON CHILDReN, 9th cditioi 

DEWBEB ON FEMALES, eih edilion, 

vnl. 6vn„ S31 ptga. with pInlEi. 
DUNCLigON'S PRACTICE OF MED 

CINE. 31 ediltoD, 9 vulumei 6™.. la 

pagcB. 
EBQUIHOL ON INSANITY, by Hun 

6tD.. 490 pagf.. 

FEMALES, in a Eeriea t 



THOMSON O 



E SICK ROOM, A 



LEA AND BLANCHARiyB PUBLICATIONS. 

MEDICAL BOOKS. 



SURGERY. 

BRODIE ON URINARY ORGANS, 1 vol. 
6VO., 914 pafes. 

BRODIE ON THE JOINTS, 1 vol. 8fo. 
216 pages. 

BRODIE'S LECTURES ON SURGERY, 
1 vol. Svo., 350 paget. 

BRODIB*8 SELECT SURGICAL WORKS 
1 vol. 8vo., 780 pages. • 

CHELIUS' SYSTEM OF SURGERY, by 
South and Norris, in 3 large 8iro. vols., 
over 9000 pages, well bound. 

COOPER ON DISJiOCATIONS AND 
FRACTURES, 1 vol. 8vo., 500 pp., many 
cots. 

COOPER ON HERNIA, 1 vol. imp. Svo., 
498 pages, plates. 

COOPBR ON THB TESTIS AND THY- 
MUS GLAND, 1 vol. imp. 8vo., many 
plates. 

COOPER ON THE ANATOMY AND 
DISEASES OP THE BREAST, SUR- 
GICAL PAPERS, iec. Scc.y 1 vol. impe- 
rial 8vo., plates. 

DRUITT'S PRINCIPLES AND PR AC- 
TICB OF MODERN SURGERY, 3d ed., 
1 VOL 8vo., 534 pages, many cuts. 

DURLACHER ON CORNS, BUNIONS, 
ftc., 13mo., 134 pages. 

DISBASE8 AND SURGERY OF THE 
EAR, a new and complete work (pre- 
paring). 

FERGUSSON'S PRACTICAL SURGERY 
] vol. 8va, 2d edition, 640 pages, many 
cuts. 

GUTHRIE ON THE BLADDER, 8vo., 
190 pages. 

HARRIS ON THE MAXILLARY SI- 
NUS, 8vo., 166 pages. 

JONP^* (WHARTON) OPHTHALMIC 
MEDICINE AND SURGERY, by Hays, 
1 vol. rnyal 12tno., 529 patten, many cuts, 
and plates, plain or coloured. 

LISrON'S LECTURES ON SURGERY, 
by Mutter, 1 vol. 8vo., 566 pages, many 
cuts. 

LAWRENCE ON THE EYE, by Hays, 
new edition, much improved, 863 pages, 
many cuts and plates. 

LAWRENCE ON RUPTURES, 1 vol. 
8vo., 480 pages. 

MALGAIGNES OPERATIVE SUR- 
GERY, with illustrations (preparing). 

MILLER'S PRINCIPLES OF SURGERY, 
1 vol. 8vo., 536 pages. 

MILLER'S PRACTICE OF SURGERY, 
1 vol. 8vo., 496 pages. 



MAURY*S DENTAL SURGERY. 1 vol. 
8vo., 386 pages, many plates and cuts. 

ROBERTSON ON THB TEETH, 1 vol. 
8vo., !230 pages, plates. 

SARGENT'S MINOR SURGERY, 1 vol. 
12mo., with cuts (preparing). 



MATERIA MEDICA AND THERA- 
PEUTICS. 

DUNGLISON*S MATERIA MEDICA 
AND THERAPEUTICS, a new edition, 
with cuts, S vols. 8vo., 986 pagesi 

DUNGLISON ON NEW REMEDIES, 5th 
ed., 1 vol. 8vo., 653 pages. 

ELLIS' MEDICAL FORMULARY. 8th 
edition, much improved, 1 vol. 8vo., 273 
pages. 

GRIFFITH'S MEDICAL BOTANY, a 
new and complete work, 1 large vol. 
8vo., with over 350 illustrations, 704 
pages. 

GRIFFITH'S UNIVERSAL FORMU- 
LARY AND PHARMACY, a new and 
complete work, 1 vol. large 8vo. (at 
press). 

PEREIRA'S MATERIA MEDICA AND 
THERAPEUTICS, by Carson, 3d ed., 
2 vols. 8vo., 1580 very large pages, nearly 
300 wood-cuts. 

ROYLE'S MATERIA MEDICA AND 
THERAPEUTICS, by Carson, 1 voh 
8vo., 689 pages, many cuts. 

STTLLE'S ELEMENTS OF GENERAL 
THERAPEUTICS, a new work (pre- 
paring). 

UNIVERSAL DISPENSATORY, with 
many wood-cuts, 1 vol. large 8vo. (pre- 
paring). 



OBSTETRICS. 

CHURCHILL'S THEORY AND PR AC 
TICE OP MIDWIFERY, by Huston, 2d 
ed., 1 vol. 8vo., 520 pages, many cuts. 

DEWEES' SYSTEM OF MIDWIFERY, 

nth edition, 1 vol. 8vo., 660 pages, with 
plates. 

RIGBYS SYSTEM OF MIDWIFERY, 1 
vol. 8vo., 492 pages. 

RAMSBOTHAM ON PARTURITION, 
with many plates, 1 large vol. imperial 
8vo., new and improved edition, 590 
pages. 



LEA AND BLANCHARD'S PUBLICATIONS. 

MEDICA.L BOOKS. 



CHEMISTRY AND HYGtENE, 

BKIOHAM ON MENTAL EXCITB- : 
lieNT, fcc. I vol. UiaD..9H pojci. 

DUNOUBON ON flUHAN HEALTH,: 
%) Hlllinn. Gvu.. 4U rata. 

rOWNE'S ELEMENTABT CHEMIB-; 
TUV FOB aTUOBNTS, by Bmlgca, 2cl : 
eailluH, I loU royil ISidd., «U) lirge 
l»|i>. oimii)' our. 

GSAHAM'S ELEMENTS OF CIIBMI8- 
pnrHl eOilion « pK"»). in^ny cuw. 

UAN-8 POWBROVER HIMBELPTO 



BRIDGE WATER TREATISES, wilh 



CAKPEKTER'8 ANIMAL 

GV. with 300 wooii-EUIB(prr 
CARPENTERB POPULAR 



MEOICAL JURISPRUDENCE, EDUCA- 
TION. Sw. 

BARTI.ETT« Pnil.OSOPIlV OF MEDI- 

CINE.1 vol.Mvo.,alipa|M. 
UUNGLISON-H HEDIOAL BTUDENT. 

ad edition, lauio.. 3I» pign. 

MEDICAI. JORIBPRV- 



DUtlVE. by 
patH 
TAVLOB-S MAI 



TOXICO- 

LUav. milMl by OnBlli (»1 prPB). 
RAILL-e MEDICAL JtlBtSPRU- 
OBNL'B. I vol. 9«i>..SM p«t». 



NATURAL SCIENCE. &o. 

■.EMKNTfi OP pnvaic^ 



ANSTEn'8 ANCIENT WOKLD-POPU- 
I.AR GBOLOOV. wiih iKimeiaui '" 



BIRIVS \ATIJRAI. PHILOSOPHY, (tarn 



BABBAGFTS" FRAGMENT." 
BIICKI.ANP'a GEOLOGT A^ 



of U. 8lale> Eiploring Emcdition (il 

E L.A BECHE^ NEW WORK ON 
GEOLOGY, with woo(i^™t» (proparingl. 
GRIFFITHS' CHEMIBTnr OF THE 
FOUR SEASONS. 1 vol. loyU ISMn., 

HALE'S ETKNOGRAPHV AND PHI- 
L0I.OGV OF THE U. a. EXPLORINO 

BXFEUITION. in 1 l«s« imp. 4lo. wl. 
HEHSCHELL'BTRBATIBBONABTEO- 



INTHOmJCTlON TO TEOETABLB 
FHYBIOLOGtr. founded oD ttas worki 
d( Dc CandoUa. Ltndley, ix^ ISmo. 



KIKBY AND SPEITCE-a ENTOMO- 



METCALF ON CALORIC 1 

Svo. ((ircporing). 
MULLERS PRINriPLE9 OP 



ENCEINE. 

430 psgn, manj cum. 
ROGET'S ANIMAL AND VFCETABLK 

PHVSIOLOOV, Wilb 400 cuIB, 3 voli. 

8vo., S7S IfflgM. 
THIMMKB'8 GEOI/MV AND MINE- 



VETERINARY MEDICINE. 

CLATEtt AND SKINNER'S FABItlER. 



TOUATTS GREAT ¥ 



3 C LATER 'B CATTLE 



2SA AND BLAKCHARiyg PUBLIOATIOWFfi. 



««^«« 



BI0GBAP8Y A«D POPflCAL BEMAINS 

OF TB£ LATB 

KA&O-jflL&BT XSZZt^XtBB BjOlVIBSOIT. 

BY WASHINGTON IRVIN«« 

A NEW EDITION, REVISED. 

POETICAL REMAINS 

OF THE LATE 

XiVOBBTZjflL KABZjflL BjflLVZBSOir. 

OOLLECTED AND ARRANGED BY HER MOTHER, WITH A BIOGRAPHY BY 

MISS SEDGWICK. 

A NEW SDITIOir, BXyiBED. 

SELECTIONB FROM THE 

WRITINGS OF MRS. MARGARET M. DAVIDSON, 

THK MOTHES OF LTOBBTIA AXTD M ABOAEET. 

WITH A PREFACE BY MISS SEDGWICK. ., 

The aboYe three works are done op to match in a neat duodecimo form, foncf paper, price fUtf 
cents each ; or in extra doth. 

THE LANGUAGE OF FLOWERS, 

WITH ILLUSTBATIVE POETRY; TO WHICH \RB NOW ADDED THB 
CALENDAR OP FLOWERS. AND THE DIAL OF FLOWERS. 

BEVBNTH AKEBICAV, IBQK THB MIIITH LONSOV BOmON. 

Revised by the Editor of the ''Forget-Me-Not." 
In one verjr neat 18mo. volume, extra erimson cloth, gilt With six colored Plates. 

CAMPBELL'S POETICAL WORKS, 

THE ONLY COMPLETE AMERICAN EDITION, 

WITH A MEMOIR OF THE AUTHOR BY IRVING, AND AN 
ESSAY ON HIS GENIUS BY JEFFREY. 

la one beautiful crown octavo volume, extra cloth, or calf gilt : with a Portrait and 12 Flatea. 

KE^E'S CHRISTIAN YEAR, 

EDITED BY THE RIGHT REV. BISHOP DOANE. 

Miniature Edition, in 32mo., extra doth, with Illuminated Title. 

RELIGiO MEDICI, AND ITS SEQUEL, CHRISTIAN MORALS, 

BY SIR THOMAS BROWNE, KT., 

WITH RESEMBLANT PASSAGES PROM COWPER'S TASK. 

In one neat ]2mo. volume. 

HEMANS'S COMPLETE POETICAL WORKS, 

IN SEVEN VOLUMES, ROYAL 12mO., PAPER OR CLOTH. 

ROGERS'S POEMS, 

ILLUSTRATED, 
IH ONK IMPERIAL OCTAVO VOLUMB, EXTRA CLOTH OR WHITB CALF* 



IJ:A ASD BLANCHiRD-B PUBLICATIOM8. 

DICKENS'S WORKS. 

VABIOtIS COITIOHS AMD PBICES. 

CHEAPEST EDITION IN NINE PARTS PAPER, 

THE PICKWICK TAPERS. 1 large vol. 8»o., paper, price 50 cents. 
OLIVER TWIST. I vol. 8vo., paper, price 25 cenla. 
SKETCHES OF EVERY- DAY -LIFE. 1 vol. 8to., paper, price 37J cenla. 
NICHOLAS NICKLEBY. 1 largo vol. 8vd., paper, price 50 centB. 
THE OLD CURIOSITY SHOP, 1 »oL 8ro., poper, wiih many Cnia, 

BARNABY RUDGE. 1 »ol. 8to., with tnany Cnts. price 50 cenu. 
MARTIN CHUZZLEWIT, 1 *oL 8vo., with plates, price 50 cents. 
CHRISTMAS STORIES.— Tbe CtRot, The Cbimes. Tna Gkicket on 

IBI Heaitr. and Tab B*Tri.K or Lite— together with Fictcbes fbom 

Itilt, 1 rol. 8to., price 37j canle. 
DOMBEV AND SOS, Pan I., lo be completed in Two Pans, price 25 



A UNIFORM AND CHEAP EDITION OF 

DICKENS'S NOVELS AND TALES, 

IN THREE LiBGE TOI.UMES. 

TBB iroVBZ.S AKD TAXiBB OF COABX-ES StOKBH-S, 

(BOZ.) 
lu Thns lirfe and beaallfal Oclara VQlomes, done up in Eitra Clotb. 



in THK WHOLE, ONLY THKKE » 



rn m JM ■]■. li ■ HtntMl « Ah wkMa np4r, with ggod (n(i, aad ftsnu Una* larn Toianidi, 
TUi BdiUMi BMnmLii* th. Int ■•«■«•. aid •rill te eDsnfcud wsk^ inTsfUia 
i.l^tM<«ict.ia."i5™U«»si«M».'«iij'RctBM Item IttlrAfaiBliiMnaMTtliM Kir 



B0BXBE7 AKS SON. 



LEA AND BLANCHARD'S PUBLICATIONS. 



SELECT WORKS OF FIELDING AND SMOLLETT, 

Printed in a neat and uniform style, to match the cheap edition of Dickena's Works. 

SELECT WORKS OF TOBIAS SMOLLETT, 

WITH A MEMOIR OF HIS LIFE AND WRITINGS, 

BY SIR WALTER SCOTT. 

THIS EDITION CONTAINS: 
THE ADVENTDRES OF RODERICK RANDOM. Price twenty-five cents. 
THE ADVENTURES OF PEREGRINE PICKLE. Price fifty cents. 
THE EXPEDITION OF HUMPHREY CUNKER. Price twentyfive cents. 
THE ADVENTURES OF FERDINAND COUNT FATHOM. Price twenty-five cents. 
THE ADVENTURES OF SIR LAUNCELOT GREAVES, THE HISTORY AND ADVENTURES 
OF AN ATOM, AND SELECT POEMS. Price twenty-five cents. 

Of, the whole done up in one very large octavo volume, extra cloth. 

selecTworITo^^ 

WITH A MEMOIR OF HIS LIFE AND WRITINGS, 

BY SIR WALTER SCOTT, 

AND AN ESSAY ON HIS LIFE AND GENIUS, 

BY ARTHUR MURPHY, ESQ. 
THIS EDITION CONTAINS: 
TOM JONES, OR THE HISTORY OF A FOUNDLING. Price fifty cents. 
THE ADVENTURES OF JOSEPH ANDREWS, AND HIS FRIEND MR. ABRAHAM ADAMS. 

Price fifty cents. 
AICELIA. Price twenty-five cents. 
THE LIFE OF JONATHAN WILD THE GREAT. Price twenty-five cents. 

Or, the whole in one large octavo volume, extra cloth. 

CO0iPE?ri^^ 
A ukiforhie sditiok, 

IN TWENTY-THREE LARGE DUODECIMO VOLUMES, 

WELL BOUND IN SHEEP GILT, 

Forming a beautiful series, each volume comprehending a novel. 

AXiSO, A OeZSAP ZSDZTZOK, 

IN FORTY-SIX VOLUMES, DUODECIMO,! 

DONE UP IN NEAT PAPER COVERS. 

Price only twenty-five cents a volume, each work in two volumes. Any novd 

sold separate. 

comprising: 

the spy— the waterwitch—heidemfauer— precaution— homeward bound 
—home as found— the last of the mohicans— the headsman— the two 

ADMIRALS-THE PIONEERS— THE PILOT— LIONEL LINCOLN— THE PATHFINDER- 
TIIE WISH-TON-WISH— MERCEDES OF CASTILE— THE MONIKINS— THE BRAVO— 
THE DEERSLAYER— THE PRAIRIE— THE RED ROVER— WING ANT) WING— WYAN- 
DOTTE, OR THE HUTTED KNOLL; AND THE TRAVELING BACHELOR. 

ALSO, NED MYERS ; OR, A LIFE BEFORE THE MAST, 

In one 12mo. volume. Ptice twenty-five cents. 

jflLliSO, OOOPSB'S SSjflL TAXiSS, 

In six neat volumes, royal ISmo., extra cloth. 

OOOPBB'S XiBA.THBB STOOXZim- TAXiBfl^ 

In five neat volumes, royal ISmo., extra cloth. 



I,BA AND BL&NCHABD'S PUBLICATI0H8. 



BOY'S TflEASURY OF SPORTS. 


m BOY'S TRMSIBY OF SPOSTS, PiSTIM m REHIMTIOHB. 

WITH toon HtlNDBBD ItLDSTRATIONS, 

BT SAISOEI. wii.i.i&iias. 


" "=~S;S«2yFis^«=5" •■' 




Utbnk ttamMMnlUH n ■ Iwik of *IIlllHlD«iti, Scieuco hai naE b»ii sicllnl^ tma tm 
pogM. And whTHKMlditlwl wfamScwDDB ia u «Dt«itaiiuDB u l fsiry MLs. Tbe chimin «» 
»1 sf l> liOlg iniMor-toaka m ut mors uratiiw Dun ll» Ehiogee in ChimlKry, OpUx, Ban- 
taaiJj, Iftianliiii. && I^ nBOaivtJtiialAC then, jou nuf aluott beraime a IJItis MtiiQu, 



TgrbllooBiud FivB 'I"' 
fUDOioiB Air UDddUnir ii cuto- . . _ ^ ^ ^ , ^., 

i9iiBTelaotbr''wttm^*rn'OB^miiL'" And»r(KiurstbB''Kayf''^iinpirrowubud,r™ 
a>ykwproprfrJM«lBia » aap»M.Miaig»]tft y<ftp*pu aaaijMtmiHnmj tluSpajnx 

TliB ^^Buury" coDUint Dpwvdi ol fonr hnndnd En^nTinn i totlud It jfl Dotoalraconectka 
pf^Kecrela wunhkiKwiDB/'butttua book of picCnra^ ■■ fDR of jvintl u ACbrutnua puUiflf 

nraaj IB as well lo lamiUon tbB th* ■Traamrj' hoWa muir mw s»mM th«thl« narar 

And agw Va laka leim, wahLDiTim nmr lionn, ml dum aid wteln of •i|>(i;iaigt olM IkHi 
p>n>; aBdnslmwuuIjDuiujbaaaluHirHtliHlluikiiiiriiiiriiliif uiaiacDaBt. 



LEA AND BLANCUARD'S PUBLICATI0II9. 



POPULAR SCIENCE. 



PHILOSOPHY IN SPORT, MADE SCIENCE IN EARNEST, 

BEING AN ATTEMPT TO ILLUSTRATE THE FIRST PRIN 
CIPLES OF NATURAL PHILOSOPHY, BY THE 
AID OF THE POPULAR TOYft AND 
SPORTS OF YOUTH. 

FBOM THE SIXTH AND ffBEATLY IMFROYED LONDON EDITION. 

In one very Beat royal 18mo. volume, with nearly one hundred illustrations on wood. 

Fine extra crimson dotfa. 

** Messrs. Lea &. Blanchard have issued, in a beantiful manner, a handsome book, called ' Fhilo«»- 
\toj in Sport, made Science in Earnest* This is an admirable attenqit to illustrate the first prin- 
ciples of Natural Philosophy, by the aid of the popular toys and sports of youth. Usefal informa- 
tioB is oonverred in an easy, eracefoUyet dignified manner, and rendered easy to the simplest under- 
•vtandiBg. Ta» book is an admind)le one, and most meet with universal fitvonr.**— iV. Y. Eomiii§ 
MUrror. 

ENDLESS AMUSEMENT. 

JUST ISSUED. 



ENDLESS AMUSEMENT, 

1. COLLECTION OF 

NEARLY FOUR HUNDRED ENTERTAINING EXPERIMENTS 
IN VARIOUS BRANCHES OF SCIENCE, 

INCLUDING 

AOOUarnCS, arithmetic, chemistry, ELECTRlCrTY, HYDRAUUCS, HYDROSTATICa, 

MAGNETISM, MECHANICS, OPTICS, WONDERS OF THE AIR PUMP, ALL THE 

POPULAR TRICKS AND CHANGES OP THE CARDS, &c., &o. 

TO WHICH IS AIWED, 

A COMPLETE SYSTEM OF PYROTECHNY, 

OR THE ART OF MAKING FIRE-WORKS : 

THE WHOLE SO CLEARLY EXPLAINED AS TO BE WITHIN REACH 

OP THE MOST LIMITED CAPACITY. 

WITH ILLUSTRATIONS. 

FROM THE SEVENTH LONDON EDITION. 

In one neat royal 18mo. volume, fine extra crimson cloth. 

This work has Ion? supplied instructiTe amusemwit to the rising: Kenerations in England, and 
will doubtless be hailed with pleasure by those of this country who bke (and what boy does noti 
the marvellous tricks and changes, experiments and wonders aiEbrded bjr the magic of science and 
foggiery. 

CHEMISTRY OF THE FOUR SEASONS, 

SPRING, SUMMER, AUTUMN, AND WINTER. 

AN ESSAY, PRINCIPALLY CONCERNING NAIURAL PHENOMENA. ADMITTING OF 

INTERPRETATION BY CHEMICAL SCIENCE, AND ILLUSTRATrCTO 

PASSAGES OF SCRIPITJRE. 

BT THOMAS ORirPITHS, 

raOFEBSOS of CHEMISTBT IH the KEDICAI. college of ST. BAHTROLOMEW'B HOSPrTAL, ETC 

In one large royal 12mo. volume, with many Wood-Cuts, extra cloth. 

* Chemistry is assvrediy one of the most useful and interesting of the natural sdeaees. Chemicsl 
changes meet us at erery step, and dorinsr every season, the wmds and the rain, the heat and the 
fhMts, each have their peculiar and appropriate phenomena. And those who have hitherto re- 




eieirance, the essay of Mr. Griffiths cannot fail to receive the admiration of cultivated minds ; and 
thMe who littve looked less careftilly mto nature's beauties, will find themselves led oi rtap by 
vcen. until they realize a new intellectual being. Such works, we believe, exert a happy influenoe 
over society, and hence we hope that the present one may be extenshrely read."— Tas WtMtmm 



LBA AND BLANCHARD'S PUBLIC ATI Oir«. 



POP ULAB SCIE NCE, 
KIRBY AND SPENCE'S E NTOMOLQ GY, FOi POPULAR USE. 

AXf IKTmOBVCTIOV TO BHTOBEOXiOaT; 

OR. KLEMEtrre OF THE NATUJUL BISTORT O P INS ECTS; 0DBIFIIISIN6 AS ACOODMT 
SS&ASSfl^AlTATlONS^ BOCfflTOS, MOTIONS, N0£U5^ 

"With PlateSf PlalA «r Colored* 

BT WILLIAM KIBBY,M.A.,FJL8., AlTD WILLIAM SFE]IOS,SflQ.,FJL& 

nOM Va ■UCIB U>inX»H KDIHOK, which was OOUUBOTKD AHD OOHIOHMAKV HnAMOi 

In one Ivfe oeUvo volume, extra cloth. 

«• Wo hari beea gnaUy ntarartcd IB raimiK ofw th« IM«80< 
«i«wideniinofMtiiralKiMica,aBose inferefltlBS oroMtniotnre ■tu^yth— am rf M il l i n g 
MM than a ralealatod to excite more coriodt J or wondur. 

■"Hie pepalar form of letten k idopted I^tteavthMvimiaMitiBf akaovdadlBesf tteiriM 
whiob nndbn the work pwuliarlj ittted to oar diatrkt •cbeol ufanuTM^ 



ANSTBB'd ANOZBNT WOaXpB. 

JUSTHHUEIk 



FHE ANCIENT WORLD. OR. PICTURESQUE SICETCHES OF CREATKM, 
BY D. T. ANSTED, M.A., F.R.S., F.G.S., &c. 
rmoressoR or oaoLoeT xir rai^ ooiiLbmi, lohboh. 
Ih ant feij Met nilBme, Am extrm dotK wilb aboit Oie fiimdiifed aad FUlf m«^^ 

The ot^^ect of thai wuk ia to prBoent te the gewral reader the diief reaoka of Geokgiieid iareiti' 
aatioii IB a simple and eomprehensive mamier. The aothor haa aToided all auBOte details of geo- 
KMrical formatiooa and particidar obaenrationa, aad laa endearoared as fiu* as poasiMe to preMsl 
atrUuBg views of the woaderfnl reaolta of the adeaoeL dlTeated of ita mere teehoicalitiesL Hi* 
wnrfc ia fret IIP fai ahandaome mnnner, with BuaeirDae HoBtratieoataodl lbma» neat TOlaawJbrlle 
eeotretaMek 

GEOLOGY AND MINeIaLQiGY, 

WITH INSTRUCTIONS FOR THE QUALITATIVE ANALYSIS OF MINERALS. 

BY JOSHUA TRIMMEB, F.Q.S. 

With twoHandred and TwelTe Wood-Cuts, a hamteume octavo vcdnme, bound ia embosaed dotli 

This is a systematie introdection to Mineralo^, and Oeolof^, admiraUy calealated to instruct 
the student m those scieaces. The oiie:uiic remmns of the various formations are well iUustntrf 
hy numerous figures, whiefa an dnwn with great aocnracj. 

NEW AliirCOMPLETrMii^^ 

NOW READY. 

KEBZOjflLli BOTil.»r7, 

OR, A DESCRIPTION OF ALL THE MORE IMPORTANT PLANTS USED IN MEDICINE 
AND OF THEIR PROPERTIES, USES AND MODES OF ADMINISTRATION. 

BT R. BQIiBSFBlIiD GRTFFITHy II, D., dke*, 4fcc« 
In one large oetavo volume. With about three hundred and fifty lUastratioBa oe WooC 

A POPUiiiiiliiEAmroii^^ 

PUBLISHED UNDER THE AUSPICES OF THE SOCIETY FOR THE PROMOTION Of 
POPULAR INSTRUCTION; WITH NUMEROUS WOOD-CUT& 

BT IXr. B. OARPENTBR. 

In one volume, lamo., extra (doth. 

A TREATIsTlSTiMMPA^^ 

BY W. B. CARPENTER. 
KEVISED AND MUCH IMPROVED BY THE AUTHOR WITH BEAUTIFUL STEEL FLATE& 

(Now preparing.) 

OjflLBPSlTTBB'S jflL»rZXCil.Z, PH7SZOZiOa-7, 

WITH ABOUT THREE HUNDRED WOOD-CUTSw 
(Preparinr > 



I£A AKD BLAKCHARirS PnBUCATION& 

HUMAN HEALTH: 

THE ECFLCESCX OP AT«MF HK1E A XP LPCAI TTT. CHA NGE OF AIR ASD 
CLDfATK fiSAaOSK. ICODt CUrrHIlie. BATHWC, ICCtBta. SFBCi'G^ 
OEaCI SE, SLE EP, OOBFOBSAL AJH) MESTAL FCA- 
l&.teL,OK HKAUmr MAX, 



CX^NHTlTLTIBrG EUBMEIITS OF HTGIE1I& 

ST B0IBLE7 DOVG^JSOEH, lI.D^faL,*& 
In one ocuvo volune. 

%* Penons iB the purauii of bealUi, as well as those who deare t« letant 
it, woold do well to examine this work. The author states the work has 
been prepared " to enable the general reader to underatand the nature of 
the actions c^ varioos influeooes on human healjh, and assist him in adoot- 
iii£ sach means as majr tend to its preservation: hence the anther has 
' introdncinig teehmealities, except where they appeared to him indxii- 



^ W'l^^^^^S^^^^^^M^^^i^rf^^^^^^^ 



BEKARIU am THE LKFLUENC^ Of XKNTAL EICITEXBiT, 

AXD M£XTAL CULTIVATION UPON HEALTH. 



' s 

A TEBATI8S ON 

COBMl^ WUWnOMBf TSB TiniKIIS'BS OF THB If HIT J^ 

AMD THB aSBERAIf MAWAgHMiail OP THB FBBT. 
BT LEWIS DD&LACHE&, 

w O Iv^P B w JB V H B s» V • V sr A V ^T ^TVP ^T H ^s ^B V ^b ^s ^B* 

la ooe daodedno voIbsk, dotk. 
BBZBaS'WjflLTBa TBBJLTZSSS. 

OfUrTAUUV: 

■OOBTS AinXAL ASD TECETABLE FHfSKMi)GT, i»2^ 

KISBT CM THE HISTORT, HABITS AND IN8TISCT OP AKIXALS, IvoL, 

FSOCT ON CHEMISTRT-CHALlf ess OS TBE MOBAL OCfSOmOS OF MAX— WHEWELL 
ON ASTkOVOUY— BELL ON THE UAJTD-SIDD ON lUE FEIYSICAL OONSCTiON OP 
MAN, gyiliiiift 

BC7CKLAN£fS GBOUOGV, SwdIl, withi 

Bofec, Bsefclasd, asi Kirbf an aoM < 



THE DOHBrriC HANAGEJUENT OF THE 9CK KOOB, 

KECE8SAE7, IN AID OF MEDICAL TREATMENT, FOR THE CURE OP DISEASES. 

BT ▲. T. TH0M80M, li.IX,ftcftc 

First Asierican, frow tlie Beeood LonAM Editioa. Edited by K. E. Gwrtb, Iff. Dl 
In oae royal I^uno. votuiae. extra elotli, witJi cuts. 

■*Tbere is no inter fcw e e with fiw duties of the ewidiril etfredsnf. bt ee— i, wmtMh , »d 
dear adriee wkat to dr*. aad bow to ec^ so m to neet a&fiaeseea ueMiiMWw. Md co-op erl e 
witk profiBSiional MtuHJ^—LUermy Gazette. 

THE MILLWRIGlFTiiFm 6UIDE. 

BY OLIVER EVANS. 

THE ELEVENTH EDITION. 

WfTH ADDITIONB AND CORRECTIONS. BT THE PROFESSOR OF MBCHA- 
NIC8 IN THE FRANKLIN INSTITITE OF PENNSYLVANIA. 

AKD A DESCRIPTION OF AH IMPROVED HEBCHA9T fUmt 

wm UKHUTisoaw 

BY O. le O. EVAMB, EMaiMEBBB. 
TLJs Is a practical work, and has liad a very extended 



LEA AND BLANCHARD'S PUBLICATIONS. 

lOHNSON ANO LANDRETH ON FDUIT, KITCHEN, 
AND FLOWER GARDENING. 




diB who nnilr snlUfiie tdxnia miMn*ii... _ _ . . . ._. _ 



THE COM PLETE FLORIST. 

A UAirnAI. OF aABDBXTINa, 



iriTB ADDITIONS AHD AIHEITDlVtENTS, 



THE COMPLETE KITC HEN A ND FflUIT GARDENER. 

A SELECT MANUAL OF KITCHEN UARDEKINfi, 

AND THE CDIiTURE OP PapiTS, 
HTBECTFONS FOR THE MOST APPfiOVED SI 
Htm, DESCBIPTIONS OP ""^ "'•"■"' ^' ■■""■■■ 
CAI^DAR OP WORK T 



BBf AM'MEHT, DESCBIPTIONS OP MANY V, 



I.AHDBXTH'S BUHAI. BESISTES AND ALKANAO, FOB 1 



A FE^r OOFIES OF T>HE REGISTER FOB 1S47, 



LEA AND BLANCHARD'S PUBIJCATION& 



LAW BOOKS. 



HlLLiARO ON REAL ESTATE. 

NOW READY. 



TBB AMBRXOAN XJLW OF RXSAIi PROPXHEITT. 

SECOND EDITION, REVISED, CORRECTED, AND ENLARGED. 

BY FRANCIS BILLIARD, 

COUKBKLUML AT LAW. 

In two large octavo vduines. beaatifolly printed, and bound in beat law abeq*. 

This book is designed as a substitute for Cruisers Digest, occupying the 
kiAine eround in American law which that work has tong covered in the 
LngUsn law. It embraces all that portion of the English Law of Real 
Kstate which has any applicability in this country ; and at the same time it 
embodies the statutory provisions and adjudged cases of all thfe States upon 
the same subject ; thereby constituting a complete elementarsr treatise for 
American students and practitioners. The plan oi the work is such as to 
render it equally valuable in all the States, embracing, as it does, the pecu- 
liar modifications of the law aUke in Massachusetts and Missouri, New 
York and Mississippi. In this edition, the statutes and decisions subse- 
quent to the former one, which are very numerous, have all been incorpo- 
rated, thus making it one-third larger than the original work, and brin^mg 
the view of the law upon the subject treated quite down to the present time. 
The book is recommended in the highest terms by distinguished jurists of 
different States, as will be seen by th6 subjoined extracts. 

** The work before us supplies Uiis deficiency in a highly satis&ctory manner. It is beyond all 
question the best work of the kind that we now have, and although we doubt whether this or any 
ether work will be likely to supplant Croiae^ Digest, we do not hesitate to tay, that of the twe^ 
this is the more valuable to tlie American lawyer. We congratulate the author upou the sucoess- 
fbi accomplishmeat of the arduous task he undertook, in reducing the vast body of the American 
Law of Real Property to * portable size,* and we do not doubt that hit labonn will be duly appre- 
ciated by the profession."— Zow Reporter, Aiig., 1816. 

Judge Story says i—'* 1 think the woiic a very valuable addition to our present stock of juridical 
literature. It embraces all that part of BCr. Craise^ Digest which It moit nseftil to American law- 
yers. But its higher value is, that it ivesents in a concise, but dear and exact form, the subatanoe 
qf American Law on the same subject J knew no work that we pos»e$t, whom praetiaU utUUf y 
Mkdv to be to extentwdv ML** ** The wonder is, that the aMhor baa been able te bring ao great a 
mass into so ooodensed a tejct, at onoe oomprriiensive and tedd." 

Chancellor Kent says of the work (Ck»Bunentade%voLiL, n 635,nflCe,5th edition) :—^ It is a work 
of great Uboor and intrinsic valne.** 

Hon. Rufus Choate savs:— ''BCr. Iffltiard'k work has been for three or four years in use, and 1 
think that Mr. Justice Story and Chancellor Kent eipreas the general opinion of the Massachusetta 
Bar." 

Frofisssor Greenleaf says :— " I had already found the first edition a very convenient book of rafi>> 
rence, and do not doubt, iixHn the appearance of the second, that it is greatly improved.'* 

Professor J. H, Townsend, of Yale College, says :— 

" I have been acquainted for several years with the first edition of Mr. Hillianl's Treatise, and 
have formed a very favourable opinion of it. 1 have no doubt the second edition will be fband even 
more valuable than the first, and I shall be happy to recommend it as I may have opportunity. I 
know of no other work on the subject of Real Bsbite, eo oomprehentiire and so well ada|>ted to thf 
itate of tlift law in this country. •♦ 



LEA AND BLANCHaRD'S PUBLICATIONS, 

LAW BOOKS. 



ADDISON ON CONTRACTS. 

A TBmATXSB OH THE IiAW OF COHTBAOTS AKD 
BIGHTS AMD UABZIiITIEB EX COHTILACTTr. 

BY C. G, ADDISON, ESQ., 



In this Iroaliso upon the most constantly and frequently sdrniniBlereil 
branch of Inw, Ibo nuthar hu collaci.d, arranged nnd devclnped in an inlcl- 
ligible and popaior tbrm, the rules and pHnciplos of tho Law of Contracts, 
■M bni supported, illuBtraled or exemplified them by lEferenceB to nearly 
foar UiousDJid adjudged cases. It compriees the Riglila nnd Liabilitica of 
Seller and Purchaser J Landlord and Tenant ; Letter and HirerofChsltcla ; 
Botrowor and Iiender; Workman and Employer; Master. Ssrrant and Ap- 

Srenlice; Princiiial, Agoni and Surety: Husband ntid Wifs; Partners ; 
rant Stock CoinptiDiei; Corporntiona ; Trustees; Provisional Committee' 
men; Ehipswnera; Sbipcaasters ; Iniikcepcrs; Carriers; Infants; Luna- 
Uci, &c. 

WHEATON'S INTERNATIONAL LAW. 

^«I.BKXIZrTS OF ZlrTEHVATIOirAI. I.A'W. 

BY HENRY WHEATON, LL.D.. 



' Hr- Whuinn'f wprli h 3iti]ifl]ieDnblBtODTirjdii>1omBtLst 
tndwd to dTI pubric niDiL To ewir rthllnMpWe nn.1 Ubent 

KILL ON TRUSTEES. 

A PKACnCAL TREATISE ON THE LAW RELATING TO TRUSTEES, 

THEIR POWERS, DUTIES. PBIVILEQEB AND LIABILITIES. 
BZ JAMBS HILL, ESQ., 

□f ll« FtalliiaetpUa Bu, 



ON rHE PAINCIPLES OF CRIMINAL LAW. 



LEA AND BLANCHARD'S PUBLICATIONS. 



LAW BOOKS. 



SPBirOS'S BQVZT]r_J'VBZ8DZOTZOir. 

THE EQUITABLE JURISDICTION OP THE COURT OF CHANCERY. 

COMPBlSlNa 

ITS RISE, PROGRESS AND FINAL ESTABLISHMENT. 

TO WHICH IS PREFIXED, WITH A VIEW TO THE ELUCIDATION OF THE MAIN SUB- 
JECT, A CONCISE ACCOUNT OF THE LEADING DOCTRINES OF THE COMMON 
LAW, AND OF THE COURSE OF PROCEDURE IN THE COURTS OF COM- 
MON LAW, WITH REGARD IX) CIVIL RIGHTS: WITH AN ATTEMPT 
TO TRACE THEM TO THEIR SOURCES : AND IN WHICH 
THE VARIOUS ALTERATIONS MADE BY THE 
LEGISLATURE DOWN TO THE PRESENT 
DAY ARE NOTICED. 

BT OEOROE SPENOE, ESQ., 

One of her M^sty^ CounseL 

IN TWO OCTAVO VOLUMES. 

Volume L, embracing the Principles, is now ready. Volume IL is rapidly preparing and will 
appear early in 1818. It is based upon the work of Mr. Maddock, brought down to the present 
tune, and embracing so much of the practice as coiuisel are called on to advise upon. 

JEL XTB-W XijOl-W BZOTZOarjflLB'7, 

CONTAINING EXPLANATIONS OF SUCH TECHNICAL TERMS AND PHRASES AS OCCDF 

IN THE WORKS OF LEGAL AUTHORS, IN THE PRACTICE OF THE COURTS. 

AND IN THE PARLIAMENTARY PROCEEDINGS OF THE HOUSE OF LORDS 

AND COMMONS, 'VO WHICH IS ADDED, AN OUTLINE OF AN 

ACTION AT LAW AND OF A SUIT IN EQUITY. 

BT HEKRT JAIMIES ROZiTHOUSE, ESQ., 

Of the Inner Temple, Special Pleader. 

EDITED FROM TUE SECOND AND ENLARGED LONDON EDITION, 

WITH NUMEROUS ADDITIONS, 

BY HENHT PBNINaTON, 

Of the Philadelphia Bar. 

In one large volume, royal 12mo., of about 500 pages, double columns, handsomely 

bound in law sheep. 

" This is a considerable improvement upon the former editions, being bound with the usual law 
btndine, and the general execution admirable— the paper excellent, and the printing clear and 
beautiful. Its peculiar usefulness, however, consisls in the valui^le additions above referred to, 
being intelligible and well devised definitions of such phrases and technicalities as are peculiar to 
the practice m the Courts of this oonntry.— While, therefore, we recommend it especially to the 
students of law, as a safe guide through the intricacies of theu* study, it will nevertheless be found 
a valuable acquisition to the library of tlie practitioner \umse]t*'-~Aiex. Oazette. 

** This work is intended rather tot the general student, than as a substitute for many abridgments, 
digests, and dictionaries in use by the professional man. Its object principally is to impress accu- 
rately and distinctly upon the nund the meaning of the teehmoal terms of the law. and as such 
can hardly fail to be g^enerallv uscfuL There is much curious information to be found in it in re* 
gard to the peculiariiieR of tne ancient Saxon law. The additions of the American edition give 
Increased value to the work, and evince much aocuracy aud oare." — Pennsylvania Law Journal. 

TjflLirXiOB'S MCBPI OAIi J UaiSPBITPllBrOB, 

A PRACTICAL TREATISE ON MEDICAL JURISPRUDENCE. 

BY ALFRED S. TAYLOR, 
Lecturer on.Medical Jurisprudenoe and Chemistry at Guy's Hospital, London. 

With numerous Notes and Additions, and References to American Law, 

BY R. E. GRIFFITH, M.D. 
In one volume, octavo, neat law sheep. 

Til.iri.OB'8 XAHrJUBklM OF TOXZOOXiOO-'r. 

IN ONE NEAT OOTAVO VOLUME. 

A NEW WOKK. NOW BEADT. 

TBA.zi:.i:i's 

OUTLINES OF A COURSE OF LECTURES ON MEDICAL JURISPRUDENCE. 

IN ONE SMALL OCTAVO VOLUME. 



LEA AND BLANCHARD'3 PUBLICATIONS. 

LAW BOOKS. 



E A S T'S REPORTS, 
aspoaTS OP oases 

ADJUDGED AND DETERMINED IN THE COURT 
OF KING'S BENCH. 



BT SDVTARD HTDt: EAST, ESQ., 



BT O, K. WHAHTOW. ESQ., 
Of Uh Philkdtlphjn bar. 

In Ms edition of Enpt, ihc sixteen volumes of the former edidoci have 
b«en cnniiiresMd into tigUx — two volumes in one Ihroushout — bnl DOlbing 
has bean omtiinl; I ho eniire work will be found, with the ooles of Mr. 
Wharton added lo those of Mr. D»y. The grent reduction of price, (from 
♦72, the price of the last edition, lo $15, the Buhsoription price of this.) 
together wiih iho improTemenl in appearance, will, ii ia irnflled, procure for 

A NEW WOflK OH CQ URTS-HAHTIAL 

A TREATISE ON AMERICAN MILITARY LAW. 

PRACTICE OF COURTS-HARTIAI.,. 

H SUGGESTIONS POK IIIEIS WrROVEMENT. 
BT JOHH O'BSIEIT, 




CAMPBELL'S LORD CHANCELLORS. 

LIVES OF THE LORD CHANCELLORS AND KEEPERS OP 
THE GREAT SEAL OF ENGL.\ND, 



► 



SECOND saniBS, 



LEA AND BLANCHARD'S PUBLICATIONS. 

YOUATT AND SKINNER'S 

STANDARD WORK ON THE HORSE. 



THE HOKSE. 

BY WILLIAM YOUATT. 

A NEW EDITION, WITH NUMEROUS ILLUSTRATIONS. 

TOGETHER WITH ▲ 

OSNSRAZi BISTORT OF TBB BORSB; 

A DISSERTATION ON 

THE AMERICAN TROTTING HORSE; 

HOW TRAINED AND JOCKEYED. 

AN ACCOUNT OF fflS REMARKABLE PERFORMANCES; 

AND 

ART issaav our thb ikss arts thb jsjjim^ 

BY J. S. SKINNER, 

Assistant Post-AfosteivGeneral, and Editor of the Torf Register. 

This edition of Youatt's well-known and standard work on the Manage- 
ment, Diseases, and Treatment of the Horse, has already obtained such a 
wide circulation throughout the country, that the Publishers need say no- 
thing to attract to it the attention and confidence of all who keep Horses or 
are mterested in their improvement. 

"In introducing this very neat edition of Tonatt's well-known book, on 'The Horse,* to otzr 
readers, it is not necessary, even if we had time, to say anything to convince them of its worUi ; it 
has been highly spoken of, by those most capable of appreciating its merits, and its appearance 
under the patronage of the 'Society for the DiflAision of Usefiil Knowledge,* with Lord Brougham 
at its head, affords a fail guaranty for its high character. The book is a very valuable one, and we 
endorse the recommendation of the editor, thi^ every man who owns the ' hair of a horse,' should 
have it at his elbow, to be consulted like a family physician, ' for mitigating' the disorders, and pro- 
long^ing the life of the most interesting and useful of all domestic animals.' "—Farmer's OMnet. 

" This celebrated work has been completely revised, and much of it almost entirely re-Mrritten 
by its able author, who, from being a practical veterinary surgeon, and withal a great lover and 
excellent judge of the animal, is particularly well qualified to write the history of the noblest of 
quadrupeds. Messrs. Lea and Blanchard of Philadelphia have republished the above work, omitting 
a few of the first pages, and have supplied their place with matter quite as valuable, and pertiaps 
more interesting to the reader in this country ; it being nearly 100 pages of a general history of the 
horse, a dissertation on the American trotting hcnse, how trained and jockeyed, an account of hit 
remarkable performances, and an essay on the Ass and Mule, by J. S. Skinner, Esq., Assistant Post- 
jnaster-General, and late editor of the Turf Register and American Farmer. Mr. Skinner is one 
of our most pleasing writers, and has been famiUar with the subject of the horse from childhood, 
and we need not add that he has acquitted himself well of the task. He also takes up the import- 
ant subject, to the American breeder, of the Ass, and the Mule. This he treats at length and am 
amore. The Philadelphia edition oi the Horse is a handsome octavo, with numeroixs wood-cuts.**— 
American Agriculturist. 



USA AND BLANC&ARira FUBUQATiaNa 



YOUATT ON THE PIG. 



TBB vzas 

A TREATISE ON THE BREEDS, MANAOfiMENT, WEEfDtNG, 
AND MEDICAL TREATMENT OF SWINE, 

WITH DIRECTIONS FOR SALTING PORK, AND CURINO BACON AND SAXS. 

BT WILLIAM TOUATT, V.S. 
Author of "The Bant," ^The Dos," "CatUe,** •'Sheep." 6tc, too, 

nXCSTRiLTSD Wm KHCBAyUrOS SftAWH noiC UR IT WmjQOl HAXTCT. 

In one handsome duodecimo rolume, extra cloth, or in neat pi^r oorer, price 50 centi. 

This work.on asuhieeteompaflratively neglected, nast prove of nuidi nsBto ikm6fB,«peoia]]y 
in this country, where the Pig is an animal of more importance than elsewhere. No work haa 
hitherto appeared treatingr folly of the vaiiooB breeds of swine, their diseases and core, breeding, 
fhtteninfc, &c., and the preparation of bacon, salt pork, hams, 6ic, while the name of the author of 
*• The Horse,* •*Tlw Cattle Doctor." te., is svfUsiBntaatiMiittf for all ha DMsrslati. l^npdtatit 
more aoceasible to those whom it partioalarly interests, the publishers hare prepared copies in 
seal illustrated paper coven, suitable ba transmission by mail ; and which will be sent thiooili 
Um post-oiflce on the receipt of fifty cents, free of postage. 

CLATER AND YOUATT'S CATTLE DOCTOR. 



EVERY MAN HIS OWN CATTLE DOCTOR: 

CONTAINING THE CAUSES. SYMPTOMS AND TREATMENT OP ALL 

DISEASES INCIDENT TO OXEN, SHEEP AND SWINE; 

▲Nl» k SKBtCB Ot THS 

ANATOMY AND PHYSIOJUOGY OF NEAT CATTLE. 

BT FRAN0I8 OLATER. 

BDITBD. REVISED AKD ALMOST RE- WRITTEN. BT 

WILLIAM YOUATT. AUTHOR OP "THE HORSE." 

WITH NUMEROUS ADDITIONS, 

EMBRACINO AN ESSAY ON THE USE OF OXEN AND THE IMPROVEMENT IN THE 

BREED OF SHEEP, 
BY J. S. SKINNER. 

WITH NUMEROUS CUTS AND ILLUSTRATIONS. 

In one 13ino. volume, cloth. 
"As its title woold import, it is a most valuable wtu-k, and should be in the hands of eveiy Ame- 
rican &nner ; and we feel proud in sayiufp, that the value of the work has been greatljr enhanced 
by the contributions of Mr. Skinner. Ciater and Youatt are names treasured by the fiurming eom* 
Bunitiee of Europe as household-gods ; nor does that of Skinner deserve to be less esteemed in 
America."— iUiertcatt Farmer, 



CLATER'S FARRIER. 



EVERY MAN HIS OWN FARRIER: 

CONTAINING THE CAUSES, SYMPTOMS, AND MOST APPROVED METHODS OP CURB 

OP THE DISEASES OF HORSES. 

BT FRAZrOZS OZ.ATBR, 

Author of " Every Man his own Cattle Doctor," 

AND HIS SON, JOHN CLATER. 

FIRST AMERICAN FROM THE TWENTy-EIGHTH LONDON EDITION. 

WITH N0TK8 AND ADDITIONS, 

B7 J. 8. 8KZ»r»rBB. 

In one 12mo. volume, cloth. 



LEA AND BLANCHARD'S PUBLICATIONS. 

HAWKER ARB P OBTER ON SHOOTING. 

INSTRUCTIONS TO YOUNG SPORTSMEN 

IN ALL THAT RELATES TO GUNS AND SHOOTING. 
B7 X.ZEnT. OOZ.. P. BATJCTKER. 

nOU THE EffUUMED AND UPKOVKD RmTR LOIfDOIT EDITION, 

TO WHICH IS ADDED THE HUNTING AND SHOOTINO OP NORTH AMERICA, WITH 

DESCJUPTIONS OF ANIMALS AND BIRDS. CAREFULLY COLLATED 

FROM AUTHENTIC SOURCES. 

BT TV. T. PORTBR, BS^- 

EDITOR or THE N. T. SnEIT Or THE TIMES. 

In one large octavo volume, rich extra cloth, with nuinernos Illustrationa. 

" Hera w a book, a band-lxMik, or rather a text-book— one that contains the whole routine of the 
science. It is the Primer, the /.exicon, and the Humer. ErerTthioj^ is here, from the minutest 
portion of a gpn-lock, to a dead Bulfaln. The sportsman who reads tlijs book onderstandingly, majr 
pass an examination. He will know the science, and may eire advice to others. Eveiy sportsman, 
and sportsmen are plentiful, should own this work. It should be a " vade mecum." He should 
be examined on its contents, and estimated by his abilities to answer. We have not been without 
treatises on the art, but hitherto thej have not descended into all the minutia of equipments and 
qualifications to proceed to the onnpletion. This woric supplies deficiencies, and completes the 
sportsman's library."— IT. S. Gazette. 

** No man in the country that we wot of is so well calculated as our fnend of the ' Spirit* for the 
task he has undertaken, and the result of his labours has been that he has turned out a work which 
should be in the hands of every man in the land who owns a double-barrelled gun."— N. O. Picatune. 

** A volume Kplendidly printed and bound, and endielUshed with numerous beautiful engravinffs, 
wluch will doubtless be m great demand. No sportsman, indeod, oag^t to be without it, while tha 
feneral reader will find in vm pages a fund of curious and useful informalion.'*— JSic/unond Wkio» 

iTouXrT^^oir^TnHrjB^ 



VHB BOO-, 

BY WILLIAM YOUATT, 

Author of ** The Horse," &c. 
WITH NUMEROUS AND BEAUTIFUL ILLUSTRATIONS. 
EDITED BT E. J. LEWIS, M.D. &c. «cc. 
In one beautifhlly printed volume, crown octava 
LIST OF PLATES. 
Head of Bloodhound— Ancient Greyhounds— The Thibet Dog— The Dingo, or New Holland I>aip~ 
The Danish or Dalmatian Dor- Tiie Hare Indian Dog— The Greyhound— The Grecian Greyhound 
—Blenheims and Cockers— l^e Water Spaniel— The Foodie— The Alpine Spaniel or Bemardine 
Dog— The Newfoundland Dog— The Esquimaux Dog— The English Sheep Dog— The Scotch Sheep 
Dog— The Beagle— The Harrier— The Foxhound— Plan of Goodwood Kennel— The Southern 
Hound— The Setter— The Pointer— The Bull Dog— The Mastiflf— The Terriers-Skeleton of the 
Dog— Teeth of the Dog at seven different ages. 

" Mr. Youalt's work is invaluable to the student of canine history ; it is full of entertaining aui 
instructiye matter for the general reader. To the sportsman it commends itself by the large amount 
of useful information in reference to his peculiar pursuits wtiich it embodies— mformation which 
he cannot find elsewhere in so convenient and accessible a form, and with so rehahle an authority 
to entitle it to his consideration. The modest nreface which Dr. Lewis has made to the America* 
edition of this work scarcely does justice to the additioaul value he has imparted to it ; and the 

Sublishers are entitled to great credit for the handscnne manner in which they have got it up."— 
Torth American. 

THB SPORTSMAK'S Z-ZBRilRT, 

OR HINTS ON HUNTERS, HUNTING, HOUNDS, SHOOTING, GAME, DOOif, GUNS, 

FISHING, COURSING, &c., «tc. 

BY JOHN MILLS, ESQ., 

Author of "The Old English Gentleman," &c. 
In one well printed royal duodecimo voliunu, extra cloth. 

OR SPECTACLES FOR YOUNG SPORTSMEN. 

BY HABRY HIEOVER. 

In one very neat duodecimo volume, extra cloth. 

•* These lively sketches answer to their title very well. Wherever Nimrod is welcome, there 
should be cordial greetiuj; for Harry Hieover. His hook is a very clever one, and contains many 
instructive hints, as well as much light-hearted reading." — E^mminer. 

THE liooT^B^^D^TlELlE^ 

EMBRACING THE USKS, BREEDING, TRAINI^JG, DISEASES, ETC., OF DOGS, AND AN 

ACCOUNT OF THE DIFFERENT KINDS OF GAME, WITH IIIEIR HABITS. 

AlaO) Hinta to Shooters^ iwitli varions naefal RecipeSf Ae*^ Acm 

BT J. S. SKINNER. 

With Plates. In one very neat 12aK>. volume, *«tra duh 



LEA AND BLAKCUARlrd^PUBLIOATIONe. 

FDANCATELLI'S MQ DEBH FflENCH COOKERY. 

TDE MODERN COOK, 

'"'wBU.'"lJl& THE IjlRGEST ESTABLI^HMENIS AB FOR TH^SE 

BY CHARLES ELMfi FRANCATELLI, 



e^SiJXur^biK'rS 



MISS ACT ON'S COOKERY. 
atOBBXnr oooxBBir nv iUiXi its bxahcbbs, 



BY KI-IZA ACTOK. 

TO WHICH la ADDED, A TABtE OF WEIGHTS AND MEASURES. 



Ihit i> i;i>bJ!|| llsclHwRl wiir tu eiarj 'dnalc' in Ota Uoednm. Her Cookeiy.liDok u uihu 
liCHUiblf [Ilc ntLVt vuladils dnapDDilhiiB Df (hd BJt IhaL hu yM bfl«p pablHbM. J: tUvnEly ioc 
CBliii eEi>iLifiiit-nl ^liodQlcft, »Dd THiiiEv ottl hinvcDOcI LhiivB UAj be cuACDalsi] vJLUnut ibk j«i 
leu flnmvDL-uice whtcfi pjai cuiki liin been WHt (fl bavllM Ule livd evidence UWf oin fivs 



THE CO MPLET E COOK. 

puiN AND nmm mm\m m cooking and h 

WITK T7PWARSS OF SEVEM HUNDRED RECEIPTS, 

Braia ud Suuh ; Botlim, HnnEiw. Bikfan: iBd I'rrtnil of Mnn, FbK, Ac. ; SsaanDUlgil, 

<;uJunun, Uwliinv VtfBtBblri ^ PmuniiR Svlaiu ^ CbnTymei MMkingof Pastiy, 

Pudiliiia, Gnuli, Ontnue, anniiimai, JLc.AiL.inil with gmertEl 

BX J. M. SANDERSON, 

THE COMPlETTcoliFECfiONERrp^^ BAKER. 



JOE MAKING CICTECTIONAUT AND PASTltV. A^id FOR BAKL^a. 

■WITH UPTVARDS OF FIVE HDHERED BECEIPTa, 



BT FAHEII 



r 



